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ABSTRACT
The e f f e c t  o f  horse a n t i - r a b b i t  thymocyte gamma g lobu lin  
( HATGG) trea tm en t/and  sh o r t  term a d u l t  thymectomy on th e  humoral 
antibody response o f  r a b b i ts  to  th e  hapten, d ln ltropheno l was 
In v e s t ig a te d .  Rabbits t r e a te d  w ith  30 mg HATGG on th e  same day o r  
seven days a f t e r  primary Immunization with suboptlmal doses o f  
DNP-OVA ( 3 mg ) showed enhanced ant1-DNP responses which approached 
those  seen 1n r a b b i ts  Immunized with optimal doses o f  d in itropheny la ted -  
ovalbumln, DNP-OVA, (10 mg). Rabbits thymectomized 30 days before 
they received  3 mg DNP-OVA produced primary ant1-DNP responses Iden­
t i c a l  to  those  seen 1n non-thymectomized animals Immunized w ith  10 mg 
DNP-OVA, whereas r a b b i t s  thymectomized 7 ,  14, o r  21 days before  they  
received  suboptlmal dose o f  DNP-OVA produced low le v e ls  o f  ant1-DNP 
antibody. In an a ttem pt to  c h a ra c te r iz e  th e  e f f e c t  GATGG and a d u l t  
thymectomy exerted  on th e  re g u la t io n  o f  th e  Immune response the  
a n tig e n ic  com petition model was used. D1n1trophenylated-bov1ne gamma 
g lobu lin  DNP-BGG, produced a hap ten -spec if1c  secondary response when 
primed with 3 mg DNP-OVA f o r  3 days , 1f th e se  animals were In je c ted  
with 50 ug unconjugated BGG 7 days a f t e r  th e  f i r s t  an tigen  (DNP-OVA) 
In je c t io n .  Rabbits In je c te d  w ith  both keyhole lim pet hemocyanln (KLH) 
and BGG seven days a f t e r  th e  primary DNP-OVA in je c t io n  showed sup­
pressed ant1-DNP responses a f t e r  a secondary I n je c t io n  o f  DNP-BGG.
When 30 mg o f  GATGG was In je c te d  a t  th e  same time both KLH and BGG
x1
were adm inistered  o r  1f th e  r a b b i t  was thymectomized 30 days before  
the  f i r s t  an tigen  I n je c t io n ,  the  ant1-DNP response a f t e r  secondary 
DNP-BGG In je c t io n  was re s to re d  to  the  le v e ls  seen in  c a r r ie r -p r im ed  
anim als. N either normal horse gamma g lobu lin  (NHGG), nor ATGG absorbed 
with rab b 1 t-Ig  d id  not a l t e r  th e  reg u la to ry  e f f e c t  o f  ATGG. These 
r e s u l t s  suggested t h a t  ATGG and a d u l t  thymectomy In te r f e re d  with 
a re g u la to ry  func tion  o f  T c e l l s  in  the  r a b b i t s .
In th e  second a sp ec t  o f  t h i s  s tudy  1t was shown t h a t  a 
so lu b le  thymus e x t r a c t  prepared from the  thymus1 o f  e i t h e r  c a r r i e r -  
primed o r  normal donors suppressed th e  ant1-DNP primary responses 1n 
r e c ip ie n t s  Immunized w ith  10 mg DNP-OVA fo r  3 days. The reg u la to ry  
a c t i v i t y  was absen t in  e x t r a c ts  prepared from thymuses o f  c o r t iso n e  
t r e a te d  donors and from a sp leen  e x t r a c t  prepared from thymectomized 
r a b b i t  donors. The suppressive  a c t i v i t y  could be removed from the  
thymus e x t r a c t  by adsorp tion  with ATGG-Sepharose 4B, bu t remained 
1n th e  e x t r a c t  a f t e r  adso rp tion  with c a r r i e r ,  OVA-Sepharose 4B, NHGG- 
4B and Sepharose 4B alone . Sodium dodecyl su lfa te -p o ly ac ry lam id e  
gel e le c t ro p h o re s is  (SDS-PAGE) o f  the  e lu an ts  from th e  ATGG-Sepharose 
4B column by 3 M NaSCN revealed  a c h a r a c t e r i s t i c  band with a molecular 
weight o f  approximately 12000 dal to n s .
x11
REVIEW OF LITERATURE
The d isco v e ry  by Clamen e t  al (1961) and M il le r  and M itchell  
(1969) t h a t  two c e l l  types  (h e lp e r  and e f f e c t o r )  p a r t i c i p a t e  1n e f f e c t ­
ing c e l l -m e d ia te d  and humoral immune responses  has g r e a t ly  in c reased  
o u r  understand ing  o f  th e  complex immune mechanism. From X- i r r a d ia t io n  
and r e c o n s t i t u t i o n  s tu d i e s ,  i t  was found t h a t  th e  thymus g ives  r i s e  to  
thym us-derived c e l l s  o r  T c e l l s  and th e  mammalian e q u iv a le n t  o f  the  
av ian  bursa o f  F a b r ic iu s  g ives  r i s e  to  p re c u rso rs  o f  antibody-producing 
c e l l s  o r  B c e l l s  (P ie rc e  and B e n a ce rra f ,  1976). In th e  p a s t  few y e a rs ,  
t h e  importance o f  th e  macrophage as  an accesso ry  c e l l  has a l s o  been 
e s ta b l i s h e d  (Rosenthal and Shevach, 1975). B a s ic a l ly ,  a small B 
lymphocyte i s  b e l ie v e d  to  recogn ize  a n tig en  using  a s p e c i f i c  immuno­
g lo b u l in  s u r f a c e  r e c e p to r  and, w ith  th e  h e lp  o f  T c e l l s ,  i s  t r ig g e r e d  
in to  c lo n a l p r o l i f e r a t i o n ,  fo llow ed by d i f f e r e n t i a t i o n  in to  plasma- 
c e l l - l i k e  an tibody  forming c e l l s  (Warner, 1974). The t h i r d  c e l l  ty p e ,  
th e  macrophage, i s  b e l ie v e d  to  be r e q u ire d  1n T c e l l  p r o l i f e r a t i o n  and 
m ed ia to r  p ro d u c tio n ,  i . e .  th e  minimal a n t ig e n ic  re c o g n i t io n  u n i t  con­
s i s t s  o f  both a macrophage o f  u n sp e c if ie d  immunologic background and 
an a n t ig e n - s p e c i f i c  T lymphocyte (Rosenthal and R o se n s tre ic h ,  1974).
During th e  p rocess  o f  c h a r a c t e r i z a t io n  o f  T and B c e l l  
responses  to  s e v e ra l  an t ig e n s  and de te rm in ing  th e  c e l l u l a r  r e q u i r e ­
ments f o r  humoral and c e l l -m e d ia te d  immune re sp o n ses ,  1 t  has become 
apparen t t h a t  subpopu la tions  w ith  d i s t i n c t  "he lper"  and "suppresso r"
p r o p e r t ie s  e x i s t  1n th e  thym us-derived c e l l  compartment. C onsiderab le
1
2evidence has accumulated t h a t  su p p o rts  th e  concep t t h a t  h e lp e r  and 
su p p resso r  T c e l l s  a r e  d i s t i n c t  subpopu la tions  o f  T c e l l s .
The review t h a t  fo llow s p re se n ts  experim ental ev idence which 
supports  th e  e x is te n c e  o f a r e g u la to ry  ( su p p re sso r)  r o le  f o r  th e  T- 
c e l l  and a l s o  examines th e  Immunochemical and p h y s io lo g ic a l  c h a r a c te r ­
i z a t io n  o f  th e se  c e l l s ,  which s e t s  a p a r t  from h e lp e r  ( Inducer)  c e l l s .
Subpopulations o f  T c e l l s . In the  mouse system , R aff  and 
Cantor (1971) proposed a scheme to  i d e n t i f y  subpopu la tion  o f  T c e l l s ,  
by u t i l i z i n g  l i f e  span, m ig ra t io n  p a t t e r n s  and membrane a n t ig e n s  
( a l lo a n t lg e n )  as m arkers. One p o p u la t io n  o f  T c e l l s ,  d e s ig n a te d  T-l 
c e l l s ,  a r e  r e l a t i v e l y  immature, c o r t i s o n e  s e n s i t i v e ,  s h o r t - l i v e d ,  
n o n - re c 1 rc u la t ln g  c e l l s  t h a t  possess  abundant membrane th e ta  a n t ig e n  
and m ig ra te  p r e f e r e n t i a l l y  to  th e  sp le e n .  The T c e l l s  in  th e  second 
su b p o p u la t io n ,  T-2 c e l l s ,  a r e  more m ature , lo n g - l iv e d  c e l l s ,  show 
l e s s  s u r f a c e  th e ta  a n t ig e n ,  m ig ra te  p r e f e r e n t i a l l y  to  th e  lymph nodes, 
and a r e  abundant in  the  r e c i r c u l a t i n g  pool o f  lymphocytes in  perip h era l  
blood and th o ra c ic  d u c t  lymph. Animals t r e a t e d  w ith  an tilym phocyte  
se ru s  (ALS) showed d e p le te d  T-2 c e l l  l e v e l s ,  b u t showed no r a d ic a l  
changes in T-2 c e l l  numbers a f t e r  a d u l t  thymectomy (Kappler e t  a l ,
1974; Cantor and Weissman, 1975). H elper T c e l l s  which co o p era te  
during  an tib o d y  s y n th e s is  to  T c e l l -d e p e n d e n t  a n t ig e n s  and a m p l i f i e r  
c e l l s  which p a r t i c i p a t e  du ring  c e l l -m e d ia te d  immune responses  appear 
to  be T-2 c e l l s  and b ea r  Ly 2 ,3  a l lo a n t ig e n s  on t h e i r  membranes p r io r  
to  a n t ig e n ic  s t im u la t io n .  Furtherm ore, T-2 c e l l s  appear  to  account 
f o r  most o f  th e  p r o l i f e r a t i v e  response  to  a l lo a n t ig e n s  in  th e  mixed
3lymphocyte r e a c t i o n .  There e x i s t s  some evidence t h a t  Ly 2+ , 3+ T-2 
c e l l s  and T-l c e l l s  b e a r in g  Ly 1+ a l lo a n t ig e n  may r e g u la te  th e  magni­
tude  and tempo o f  th e  Immune responses  (Cantor and Boyse, 1977).
Recent s tu d ie s  by Tada (1977) suggest  th e  Ly 2+ , 3+ T c e l l s
a f t e r  a n t ig e n  s t im u la t io n  a c t  on Ly 1+ , 2+ , 3+ T c e l l s  to  induce non­
s p e c i f i c  su p p ress io n  by th e  l a t t e r .  Thus two p o p u la t io n s  o f  T c e l l s  
cou ld  j o i n t l y  mount T c e l l -m e d ia te d  su p p re s s io n ,  producing both  long- 
and s h o r t  termed su p p ress io n  1n d i f f e r e n t  models.
I t  i s  a l s o  p o s s ib le  t h a t  su p p resso r  T c e l l s  may be r e l a t i v e ­
ly  immature c e l l s  t h a t  c o u ld ,  under a p p ro p r ia te  c o n d i t io n s ,  be r e ­
sp o n s ib le  f o r  h e lp e r  T c e l l  e f f e c t s  a t  a l a t e r  s ta g e  in  t h e i r  l i f e  
c y c le  a f t e r  f u r t h e r  d i f f e r e n t i a t i o n .  This d i f f e r e n t i a t i o n  may involve  
th e  sw itch in g  o f  s u r fa c e  a l lo a n t ig e n s  (Bullock  e t  al^, 1978).
R abb it  Thymocyte Membrane Surface  A n tig en . T c e l l  m arkers , 
as  d isc u sse d  in  p rev ious  s e c t io n s ,  have been i d e n t i f i e d  in  both th e
mouse and r a t .  The most w idely  s tu d ie d  thymocyte a n t ig e n  i s  the
Thy-1 (9) a n t ig e n  found on mouse and r a t  thymocytes and a l s o  b ra in  
t i s s u e .  The p resence o f  unique r a b b i t  T c e l l  a n t ig e n s  has been le s s  
s tu d ie d  and as  a r e s u l t  a re  po o rly  d e f in e d .  S tu d ies  by F ra d e l iz e  
e t  a l  (1973) and Shek e t  a l  (1976) d esc r ib ed  a th y m u s-sp e c if ic  an tigen , 
which th ey  termed " r a b b i t  thymus lymphocyte an tig en "  (RTLA). RTLA 
was found to  be p re se n t  on more than  90/6 o f  th e  thymus c e l l s ,  50% o f  
sp lee n  c e l l s ,  60-70% o f  lymph node c e l l s  and on 12% o f  th e  c i r c u l a t i n g  
p e r ip h e ra l  lymphocytes. RTLA a t  t h i s  tim e i s  n o t cons ide red  t o  be 
analogous to  th e  th e ta  m olecule s in c e  RTLA an tib o d y  cannot be removed
4by a b s o rp t io n  w ith  r a b b i t  b r a in .  Redelman e t  a l  (1976) a l s o  r e p o r te d  
a unique T c e l l  a n t ig e n  p re se n t  on thymocytes I s o la t e d  from nylon wool 
nonadhering c e l l s  1n th e  sp leen  c e l l  p o p u la t io n .  The lymphocytes t h a t  
b e a r  t h i s  a n t ig e n  a r e  s u s c e p t ib le  to  l y s i s  w ith  an ti- th y m o cy te  serum 
and complement, and thus presumably they  cou ld  have thymocytes as 
t h e i r  o r ig in .  R ecen tly ,  Navran and A rcher (1978) prepared  unique 
T ly m p h o cy te -sp ec if ic  s u r fa c e  a n t ig e n  by 3M KC1 e x t r a c t io n  o f  r a b b i t  
thymocyte plasma membrane. The crude membrane e x t r a c t  was f r a c t i o n ­
a te d  by gel e l e c t r o p h o r e s i s .  To i d e n t i f y  which f r a c t i o n  co n ta in ed  
th e  T c e l l  a n t ig e n ,  a n t i- th y m o cy te  serum c y to to x ic i ty  i n h ib i t io n  
assays  were done. By t h i s  method, th e  p u r i f i e d  T c e l l  a n t ig e n  was 
found to  have a m o lecu la r  w eight o f  approx im ate ly  12,000 d a l to n s  and 
co n ta in ed  approx im ate ly  2.5SIS ca rb o h y d ra te .  The a u th o rs  suggested  t h a t  
th e  r a b b i t  T c e l l  a n t ig e n  may e x i s t  in  m u l t ip le  forms s in c e  two gel 
f r a c t i o n s  o f  th e  thymocyte membrane e x t r a c t  were a b le  to  i n h i b i t  the  
c y t o t o x i c i t y  o f  an t i- th y m o cy te  serum. Bash e t  a l  (1974) in  e a r l i e r  
s tu d ie s  a l s o  suggested  t h a t  th e  thymocyte a n t ig e n  e x i s t e d  in  m u l t ip le  
forms 1n r a b b i t  T c e l l  a n t ig e n .  However, t h e i r  d a ta  was n o t con­
c lu s iv e  and th e  p o s s i b i l i t y  e x i s t e d  t h a t  p r o te o ly t i c  d ig e s t io n  du ring  
th e  e x t r a c t i o n  procedure  changed th e  form o f  th e  a n t ig e n .
In a b r i e f  n o te ,  DeLaNoue e t  a l  (1972) used an a n t i -s e ru m  
produced in  th e  horse  a g a in s t  r a b b i t  thymocytes to  dem onstrate  the  
p resence  o f  a r a b b i t  thymocyte s p e c i f i c  a n t ig e n  and an an tig en  common 
to  a l l  r a b b i t  lymphocytes. These I n v e s t ig a to r s  r e p o r te d  t h a t  T c e l l s  
were n o t p r e s e n t  1n th e  r a b b i t  s p le e n ,  appendix , saccu lus  ro tu n d u s ,
5P e y e r 's  pa tches  on bone marrow. However, t h e i r  f in d in g s  have been 
w idely  d isp u te d  and in  f a c t  th e  r a b b i t  appendix  1s indeed in h a b i te d  
by T c e l l s  a s  shown by Ozer and Waksman (1977).
A n t ig e n - s p e c i f ic  and n o n - a n t ig e n - s p e c i f ic  su p p ress io n  
m ediated by T c e l l s . Non-ant1gen s p e c i f i c  su p p ress io n  which i s  media­
ted  by T c e l l s  o r  by s o lu b le  f a c t o r s  e la b o ra te d  by them played a s ig n ­
i f i c a n t  r o le  in  (a)  a n t ig e n ic  co m p e t i t io n ,  (b) m itogen-induced 
su p p re ss io n ,  and (c) in p ro g re s s iv e  i n f e c t io u s  d is e a se  (m a la r ia ,  
t ry p a n o so m ias is ,  l e p r o s y ) .  A n t ig e n - s p e c i f ic  su p p ress io n  m ediated by 
T c e l l s  o r  t h e i r  p roducts  appear  to  r e g u la te  c e r t a i n  immune responses  
such as  r e a g in ic  (IgE) an tibody  p ro d u c t io n ,  and g e n e t i c a l ly  r e s t r i c t e d  
immune responses  to  some s y n th e t i c  polymers and in  th e  in d u c t io n  o f  
to le ra n c e .
F i r s t ,  n o n a n t ig e n - s p e c i f ic  su p p ress io n  using  a n t ig e n ic  com­
p e t i t i o n  a s  a model w i l l  be a d d ressed ,  fo llow ed  by a d isc u s s io n  o f 
a n t ig e n - s p e c i f i c  su p p re s s io n ,  which Tada, through h is  e le g a n t  e x p e r i ­
m ents, has proposed a m o lecu la r  mechanism f o r  t h i s  type  o f  su p p ress io n  
in  th e  mouse.
A n tig en ic  C om petition . A n tig en ic  Competition occurs  when 
th e  in d u c tio n  o f  an in  v ivo  immune response  to  one a n t ig e n  non- 
s p e c i f i c l y  su p p resses  th e  response  to  an u n re la te d  a n t ig e n ,  one to  
seven days l a t e r  (L iacopoulos and Ben-Efraim , 1975; Gershon, 1974; 
T a u ss ig ,  1973; Pross and E id in g e r ,  1974). A number o f  d i f f e r e n t
6t h e o r e t i c a l  ex p lan a tio n  have been o f fe re d  to  e x p la in  th e  Immunological 
ev en ts  which occur during  a n t ig e n ic  co m p e ti t io n .  Some sho rt-1 1 v ed  
e x p la n a t io n s  a r e  (a)  co m petit ion  f o r  n u t r i e n t s  o r  b io lo g ic a l  space 1n 
lymphoid t i s s u e ,  (b) I n te r f e r e n c e s  (co m p e tit io n )  f o r  th e  phagocy tic  
and an tig en  p re s e n ta t io n  fu n c t io n  o f  th e  macrophages (R e t ic u lo ­
e n d o th e l ia l  system b lo ck cad e ) ,  and (c) com petition  among d i f f e r e n t  
h a p te n lc  d e te rm in an ts  on th e  same c a r r i e r ,  a l l  have been co n s id e red  
as  p o s s ib le  mechanisms f o r  a n t ig e n ic  co m p etit io n  (T au ss ig ,  1973; Pross 
and E id ln g e r ,  1974; Liacoupoulos and Ben-Efraim , 1975). C urren t 
In fo rm ation  de r iv ed  from s y s te m a t ic a l ly  s tu d ie d  systems have s t ro n g ly  
Im p lica ted  th e  r a d i o - r e s i s t a n t  su p p re s so r  T c e l l s  a n d /o r  t h e i r  so lu b le  
products  a s  being  r e sp o n s ib le  f o r  r e g u la t in g  th e  depressed  immune r e ­
sponse to  th e  second a n t ig e n .
I t  1s g e n e ra l ly  accep ted  t h a t  a n t ig e n ic  co m p eti t io n  can be 
evoked when: (1) th e  two competing a n t ig e n s  (prim ing and t e s t )  a re
I n je c te d  in to  th e  same s i t e  (E id in g e r  e t  al_, 1971), (2) th e  priming 
a n t ig e n  precedes th e  t e s t  a n t ig en  by one to  seven days (Brody and 
S isk in d ,  1972; M oller and S jo b e rg ,  1970) and (3) th e  prim ing a n t ig e n  
i s  g iven  1n g r e a t e r  than  optimum c o n c e n tra t io n  than  th e  t e s t  
( suppressed )  a n t ig e n  (Brody and S isk in d ,  1969; Duker and D ie t r ic h ,  
1970). In a d d i t io n ,  a n t ig e n ic  co m p e tit io n  can be r e a d i ly  induced with 
T cel 1-dependen t a n t ig e n s ,  whereas T c e l l - in d e p e n d e n t  a n t ig e n s  gen­
e r a l l y  do n o t .  However, t r ig g e r e d  su p p resso r  T c e l l s  which m ediate  
a n t ig e n ic  com petition  w i l l  suppress  an tib o d y  response  to  th e  inducing  
a n t ig e n  and to  u n re la te d  T c e l l -d e p e n d e n t  and T c e l l - in d e p e n d e n t
7a n t ig e n s .  Furtherm ore, 1 t  has been shown by se v e ra l  groups o f In ­
v e s t ig a to r s  t h a t  "n o n sp e c if ic "  s t im u la t io n  o f  T c e l l s  w ith  phytom it­
ogens ( l e c t i n s  such as concanavalln  A) can a l s o  produce a n t ig e n ic  
c o m p e ti t io n -!  1ke e f f e c t s  (S joberg  e t  al_, 1973; Dutton, 1975a, b ) .  
F u r th e r ,  DNA s y n th e t i c  responses  to  th e  T c e l l  mitogen phytohema­
g g lu t in in  In  sp le e n  o f  mice (Gershon e t  al_, 1974a) and c u l tu r e s  o f  
r a t  sp leen  and lymph node c e l l s  (Gash and Waksman, 1975) a r e  suppressed 
1 f optimum doses o f  u n re la te d  a n t ig e n s  had been in j e c te d  in to  the  
t e s t  animal p r io r  to  h a rv e s t  o f  th e  sp leen  c e l l .  The c e l l s  t h a t  
appear  to  r e g u la te  ( I n h i b i t )  DNA s y n th e s i s  1n mitogen s t im u la te d  
lymphocytes adhere  weakly to  g la s s  wool, b u t  a re  d i s t i n c t  from macro­
phages and th e  au th o rs  concluded t h a t  th e se  a n t ig e n ic  co m p e ti t io n -  
l i k e  phenomena a r e  m ediated by weakly ad h e re n t  su p p resso r  T c e l l s .
Radovlch and Talmadge (1967) were th e  f i r s t  to  su g g es t  t h a t  
a so lu b le  su p p re s so r  f a c t o r ,  ( s e c r e te d  by a r a d i o - s e n s i t i v e  T c e l l s ) ,  
may be r e s p o n s ib le  f o r  th e  mechanism by which a n t ig e n ic  co m petit ion  
1s Induced. I t  has been r e p o r te d  t h a t  normal sp lee n  c e l l s  when i n ­
fused  in to  an im als  m a n ife s t in g  a n t ig e n ic  co m p e t i t io n ,  a r e  unable  to  
produce an immune response  (P ress  and E id in g e r ,  1974; Gershon, 1974; 
Liacoupoulos and Ben-Efra1m, 1975). However, when lymphoid c e l l s  
h a rv es ted  from th e  sp lee n  o f  an animal m a n ife s t in g  a n t ig e n ic  competi­
t io n  a re  t e s t e d  f o r  t h e i r  a b i l i t y  to  respond o u ts id e  o f  th e  h o s t  
( in  v i t r o  c u l t u r e ) ,  th e se  c e l l s  develop normal responses  to  th e  same 
a n t ig e n s  t h a t  they  f a i l  t o  respond to  in  th e  suppressed  anim al. But 
a n t ig e n ic  co m petit ion  was ag a in  observed i f  th e  competing a n t ig e n  was
8added to  th e  c u l tu r e .  Dwyer and Cantor (1973) re p o r te d  t h a t  lymph­
ocy tes  h a rv e s te d  from a n e rg ic  guinea p igs  w i l l  respond in  v i t r o  to  the 
same a n t ig e n  to  which th e  animal 1s unresponsive  in  v iv o , and th e s e  
lymphocytes can m ediate  delayed sk in  t e s t  re sp o n s iv en ess  to  th e  t e s t  
a n t ig e n  when t r a n s f e r r e d  to  normal r e c i p i e n t s .  S im ila r  o b se rv a t io n s  
have been re p o r te d  in  s tu d ie s  o f  immunological to le ra n c e  (L iacopoulos 
and Ben-Efraim, 1975). The e la b o ra t io n  o f  s o lu b le  m ed ia to rs  in to  th e  
m icro-environm ent o f  th e  sp leen  and o th e r  lymphoid t i s s u e s  by r a d io ­
r e s i s t a n t  su p p re s so r  T c e l l s ,  in  th e  p resence  o f  a n t ig e n  may in ­
f lu e n c e  th e  subsequent r e a c t io n s  to  o th e r  a n t ig e n s  du ring  th e  course  
o f  a n t ig e n ic  com petit ion  and r e l a t e d  phenomena in  th e  i n t a c t  an im als .  
U n fo r tu n a te ly ,  th e se  s o lu b le  m ed ia to rs  have n o t  been i d e n t i f i e d  as 
o f  y e t .
Feldmann and h is  c o l le a g u e s  (Feldmann e t  al^, 1974;
K ontiainen and Feldmann, 1977) proposed t h a t  a " su p p resso r  T c e l l "  
e la b o ra te s  an a n t ig e n - s p e c i f i c  s o lu b le  T c e l l  m ed ia to r  t h a t  focuses  
a n t ig e n  on th e  macrophage membrane in  a c o n f ig u ra t io n  optim al f o r  th e  
s t im u la t io n  o f  B c e l l s  to  produce an tib o d y .  They p re se n te d  a model 
which u t i l i z e s  th e  T c e l l  m ed ia to r  to  e x p la in  m e c h a n is t ic a l ly  th e  
phenomenon o f  a n t ig e n ic  co m p e ti t io n .  T h e ir  T -c e l l  produced molecule 
was termed IgT, which they  proposed was produced during  th e  response  
to  th e  f i r s t  a n t ig e n .  This IgT s a tu r a t e d  th e  a v a i l a b le  s i t e s  on th e  
marcophage membranes. When a second p o p u la t io n  o f  IgT, a n tig e n  
s p e c i f i c  m e d ia to rs ,  a r e  produced in  response  to  s t im u la t io n  by a 
second a n t ig e n  t h e i r  a c t io n  i s  p rec luded  because a v a i l a b le  IgT re c e p ­
9t o r s  on th e  macrophage s u r fa c e  a r e  s a tu r a te d  w ith  th e  IgT m ediators  
produced a g a in s t  th e  f i r s t  a n t ig e n .  This th e o ry  i s  p r e s e n t ly  under 
c r i t i c a l  s c r u t in y  s in c e  during  a n t ig e n ic  co m p etit io n  th e  an tibody  
response to  th e  second a n t ig e n  Is  u s u a l ly  I n i t i a t e d  1n a normal 
fa sh io n  b u t 1s te rm in a te d  prem atu re ly  as  1 t  comes under th e  in f lu e n c e  
o f  th e  su p p resso r  T c e l l s  o r  th e  m ed ia to rs  s t im u la te d  by th e  f i r s t  
a n t ig e n .  I f  th e  model proposed by Feldmann possess  m e r i t ,  th e  IgT 
m edia tors  produced in  response  to  th e  f i r s t  a n t ig e n  should  block th e  
I n i t i a t i o n  o f  th e  an tib o d y  response to  th e  second a n t ig e n  s in c e  th e  
macrophage membranes a r e  s a tu r a t e d  by th e  IgT t h a t  i s  induced by th e  
f i r s t  a n t ig e n .  A second l i n e  o f  ev idence  t h a t  d e t r a c te d  from Feld- 
mann's proposed mechanisms was d a ta  t h a t  showed sp lee n  c e l l s  h a rv e s te d  
from mice m a n ife s t in g  a n t ig e n ic  co m petit ion  produced normal responses  
1n v i t r o  to  an u n re la te d  a n t ig e n  which r e q u ire d  macrophage coopera tion .
Thomas e t  a l  (1975) r e p o r te d  t h a t  a n t ig e n  s t im u la te d  
su p p resso r  T c e l l s  r e le a s e d  a p r o te in  m ed ia to r  t h a t  te rm in a te d  a n t i ­
body responses to  u n re la te d  a n t ig e n s  when sp leen  c e l l s  were assayed 
in  v i t r o . The su p p re s so r  m ed ia to r  they  d e sc r ib e d  was d i s t in g u i s h a b le  
from a second m ed ia to r  which appeared  to  p rov ide  a h e lp e r  fu n c t io n  
and they suggested  th e  su p p re s so r  f a c t o r  may be m odulating c e l l -  
i n t e r a c t io n s  during  a n t ig e n ic  co m p e t i t io n .  In a more re c e n t  s tudy  
Raff and H in r iches  (1977) re p o r te d  t h a t  an an t i- th y m o cy te  serum 
s e n s i t i v e  T-lymphocyte p o p u la t io n  produced s o lu b le  m e d ia to r(s )  which 
1s absorbed to  macrophages. The absorbed m ed ia to r  d i r e c te d  th e  macro­
phage to  produce a second m ed ia to r  t h a t  suppressed  lymphocyte responses
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a g a in s t  u n re la te d  a n t ig e n s .
Quite p o s s ib ly ,  s u p p re s so r  T c e l l s  a n d /o r  t h e i r  p roducts  
could  a c t  on arty one o r  a l l  o f  th e  lymphoid c e l l s  which co opera te  
during  th e  i n i t i a t i o n  o f  th e  Immune resp o n se . During th e  primary 
an tib o d y  re sp o n se s ,  macrophages, h e lp e r  T c e l l s ,  and p o s s ib ly  th e  
responding  B c e l l s  cou ld  be th e  t a r g e t s  o f  T c e l l  su p p ress io n  w hile  
during  c e l l -m e d ia te d  immune re sp o n se s ,  macrophages a n d /o r  th e  
e f f e c t o r  o r  h e lp e r  T c e l l s  cou ld  be th e  t a r g e t .
Some experim enta l d a ta  show t h a t  an tib o d y  responses  to  in ­
j e c t e d  a n t ig e n s  in  anim als undergoing sy s tem ic  g r a f t - v e r s u s - h o s t  
r e a c t io n s  a r e  suppressed  i f  th e  t e s t  a n t ig e n  i s  ad m in is te red  a t  the  
a p p ro p r ia te  s ta g e  o f  th e  g r a f t - v e r s u s - h o s t  r e a c t io n  (K atz , 1972, 1974; 
Liacopoulos and Ben-Efraim , 1975). This form o f  a n t ig e n ic  com peti­
t io n  1s 'p s e u d o c l a s s i c a l ' i n  th e  sense  t h a t  i t  i s  n o t m ediated by 
th e  h o s t  T c e l l s ,  b u t by T c e l l s  in  th e  g r a f te d  lymphoid t i s s u e s  
s t im u la te d  to  r e a c t  w ith  h o s t  h i s to c o m p a t ib i l i ty  a n t ig e n s ,  which 
appears  t o  r e s u l t  in  th e  e la b o r a t io n  o f  “so lu b le "  su p p resso r  f a c to r s  
which dampen th e  response  to  u n re la te d  a n t ig e n s  a r t i f i c i a l l y  adm inis­
te r e d  ( a l lo g e n ic  e f f e c t ) .
At t h i s  time in  th e  murine system  i t  appears  t h a t  the  
i im a tu re ,  s p le e n -se e k in g  T-l c e l l s  p lay  an im p o rtan t  r o le  in  a n t i ­
gen ic  com petition  and s o lu b le  m ed ia to rs  (p roduc ts  o f  T-l c e l l s )  
a p p ea r  to  be invo lved .
11
A n tig e n -S p e c if ic  S u p p ress io n . This s e c t io n  w i l l  be l im i te d  
to  a d is c u s s io n  o f  re c e n t  advances with r e s p e c t  to  s tu d ie s  done on 
a n t i g e n - s p e c i f i c  su p p ress io n  o f  th e  immune responses  by su p p resso r  T 
c e l l s .  A ntigen-Induced su p p resso r  T c e l l  a c t i v i t y  i s  w ith  th e  excep­
t io n  o f  a n t ig e n ic  co m p e ti t io n ,  s p e c i f i c  f o r  th e  inducing  a n t ig e n ,  and 
e x e r t s  no s i g n i f i c a n t  su p p ress iv e  e f f e c t  on the  immune responses  to  
u n re la te d  a n t ig e n s .  The a b i l i t y  o f  a n t ig e n - s p e c i f i c  su p p resso r  T 
c e l l s  t o  d i s t in g u i s h  between two r e l a t e d  a n t ig en s  has been w ell 
documented. For example, in  mice, in d u c tio n  o f  su p p re s so r  T c e l l s  to  
human serum albumin (HSA) w i l l  n o t  e x e r t  a su p p re s s iv e  e f f e c t  on th e  
Immune response to  r a b b i t  serum albumin (Zan-Bar e t  a l ,  1975).
Second, horse  gamma g lo b u lIn - in d u ced  su p p re s so r  T c e l l s  suppress  the  
an tibody  response  to  th e  inducing  gamma g lo b u l in ,  b u t  n o t  to  BGG 
(Benjamin, 1975).
A n t ig e n - s p e c i f ic  su p p resso r  T c e l l  a c t i v i t y  i s  u s u a l ly  
a s se s se d  by combining lymphoid c e l l s  from th e  anim als primed w ith  
a n t ig e n  w ith  an immunogenic form o f  th e  a n t ig e n  or hapten con juga te  
o f  th e  a n t ig e n ,  and comparing th e  r e s u l t a n t  immune responses  to  those  
o f  normal Immunocompetent c e l l s  a lo n g .  Data o b ta in ed  from experim ents 
o f  t h i s  kind show t h a t  su p p re s so r  T c e l l s  i n h i b i t  th e  development o f  
prim ary an t ib o d y  responses by normal lymphoid c e l l s  in  a l l  systems 
s tu d ie d  thus  f a r .  A ddition  o f  excess "normal" T c e l l s  to  a n t ig e n -  
suppressed  anim als does n o t r e s t o r e  immune re sp o n s iv en ess  to  t h a t  
a n t ig e n  (Gershon and Kondo, 1970). In f a c t  Lawerence and Weigle (1976) 
r e p o r te d  t h a t  when excess numbers o f  normal thymocytes a re  a d o p t iv e ly
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t r a n s f e r r e d  In to  r e c i p i e n t s ,  t h e  subsequent response  to  2 ,4 -d 1 n i t ro p -  
henyl (DNP) i s  suppressed . They showed t h a t  an optimum a n t i -h a p te n  
response  was o b ta in ed  when 10 x 107 normal thymocytes were in fu s e d ,  but
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th e  response  was com ple te ly  a b o l ish e d  when 20 x 10 normal thymocytes 
were t r a n s f e r r e d .  The su p p resso r  a c t i v i t y  appeared to  be a s s o c ia te d  
w ith  T c e l l s  and was a c t iv e  in  both th e  c o r t i s o n e - r e s i s t a n t  and 
c o r t i s o n e - s e n s i t i v e  thymocyte p o p u la t io n s ,  b u t su p p resso r  a c t i v i t y  was 
e l im in a te d  when th e  c e l l s  were h a rv e s te d  from donors su b je c te d  to  
1000 rads  o f  X - i r r a d i a t i o n .
The a n t ig e n - s p e c i f i c  T c e l l  p o p u la t io n s  could be i s o l a t e d  
from sp lee n  lymphocyte p o p u la t io n s  in  a l l  systems s tu d ie d  thus f a r .  
Suppresso r  T c e l l s  could  a l s o  be recovered  from thymocyte p o p u la t io n s  
(Tada, 1974; Kapp, e t  a l , 1975; HA and Waksman, 1973), bu t they  were 
no t recovered  from th o r a c ic  d u c t  d ra inage  (Basten e t  a l ,  1975). They 
could  a l s o  be recovered  from lymph nodes, b u t  u s u a l ly  in  lower numbers 
than in  th e  sp lee n  (Kapp e t  a l ,  1975). N o n -a n t ig e n -sp e c i f ic  T c e l l s  
were found to  e x h i b i t  approx im ate ly  th e  same t i s s u e  d i s t r i b u t i o n  when 
compared to  t h e  a n t i g e n - s p e c i f i c  su p p re s so r  c e l l s .
The m ed ia to rs  o f  a n t ig e n - s p e c i f i c  su p p ress io n  have been 
th rough ly  s tu d ie d  in  th e  e le g a n t  experim ents  o f  Tada (1974, 1975,
1976, 1977). Tada and h is  c o l le a g u e s  dem onstrated t h a t  su p p resso r  
T c e l l s  c o l l e c t e d  from a sc a r is -p r lm e d  r a t  can a b ru p t ly  suppress  on­
going IgE an tib o d y  responses  when in fu se d  in to  r e c i p i e n t s .  They a l s o  
showed t h a t  c a r r ie r -p r im e d  mouse thymocytes can I n h i b i t  th e  a n t i ­
body response  to  th e  hapten DNP when they  were in fu se d  in to  animals
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su b seq u en tly  immunized w ith  DNP con jugated  to  t e s t  c a r r i e r  ( in  most 
in s t a n c e s ,  th e  c a r r i e r  was keyhole l im p e t hemocyanin, KLH). As a 
r e s u l t  o f  t h e i r  e f f o r t s  to  i d e n t i f y  th e  su p p re s s iv e  s u b s ta n c e ,  they  
showed t h a t  c e l l - f r e e  e x t r a c t s  p repared  by mechanical d i s r u p t io n  o f  
thymocytes o r  sp leen  c e l l s ,  which have su p p resso r  T c e l l s ,  e x e r te d  
th e  same le v e l  o f  su p p ress io n  as whole c e l l s .  The a c t i v e  moiety in  
t h e  c e l l  e x t r a c t  was found to  be a p r o te in  w ith  a m o lecu la r  w eight e s ­
t im a ted  by Sephadex gel f l t r a t i o n  to  be in  th e  range o f  35,000 to  
60,000 d a l to n s .  S uppresso r  f a c t o r  a c t i v i t y  could  be absorbed by 
c a r r i e r  immobilized on immunoabsorbents. The f a c t o r  i s  n o t an immuno­
g lo b u l in  s in c e  th e  su p p re s s iv e  a c t i v i t y  cou ld  no t be removed from 
thymocyte e x t r a c t s  by an ti- im m unog lobu lin ,  a n t i -F a b ,  a n t1 -u -c h a in ,  
o r  a n t i -  -  cha in  an tib o d y .  The su p p re s so r  a c t i v i t y  cannot c ro ss  h is to ­
c o m p a t ib i l i ty  b a r r i e r s  s in c e  th e  f a c t o r  w i l l  only  su p p resses  th e  a n t i ­
body response  1n syngenic  an im als .  From th e  d a ta ,  Tada suggested  
t h a t  t h e  a c t i v e  component was n o t  an an tib o d y  m olecule in  th e  c l a s s i c  
se n se ,  b u t  may have an a n t ig e n - s p e c i f i c  r e a c t iv e  s i t e  ( c a r r i e r  
s p e c i f i c i t y ) .
One o f  th e  more s u r p r i s in g  f in d in g s  t h a t  evolved from th e  
s tu d ie s  d isc u sse d  above was t h a t  th e  T -c e l l  su p p re s s iv e  f a c t o r  may 
be a p ro d u c t o f  an I - r e g io n  gene (Tada e t  a l , 1975). Tada e t  al 
(1976) showed t h a t  su p p re s so r  a c t i v i t y  cou ld  be removed from thymus 
e x t r a c t  by ab so rp t io n  w ith  a l lo a n t ib o d y  d i r e c te d  a g a in s t  a n t ig e n s  
encoded by th e  I - r e g io n  o f  th e  H-2 complex o f  th e  donor mouse s t r a i n .  
More r e c e n t l y ,  they  p re se n te d  ev idence  w ith  In d ic a te d  t h a t  d e t e r ­
m inants c o n t r o l l e d  by a lo cu s  ( l a - 4 )  t h a t  maps 1n th e  I - J  reg io n  o f  
mouse H-2 major h i s to c o m p a t ib i l i t y  complex a r e  s e l e c t i v e l y  exp ressed
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on th e  a n t ig e n - s p e c i f i c  su p p resso r  T c e l l s  (Tada e t  a l ,  1976). T h e ir  
f in d in g s  were confirmed by th e  s tu d ie s  o f  Murphy e t  a l  (1976) and 
Okumura e t  a l  (1976). They showed t h a t  th e  c e l l  type which c a r r i e s  
th e  I - J  d e te rm in an t i s  Involved in  th e  a l lo ty p e -  and id io ty p e -  
su p p ress io n s  r e s p e c t iv e ly .  In a l l  th e  p receed ing  s tu d ie s  th e  sup­
p re s s o r  a c t i v i t y  o f  su p p resso r  T c e l l s  and S uppress ive  f a c to r  was 
removed by a n t 1 - I - J  a n t i s e r a .  F u r th e r  fu n c t io n a l  and s e ro lo g ic a l  
a n a ly s is  s tu d ie s  have t e n t a t i v e l y  i d e n t i f i e d  a n t ig e n - s p e c i f i c  sup­
p re s s o r  T c e l l s  as I - J + , Ly 2+ , 3+ and Fe r e c e p to rs  T c e l l s .
With r e s p e c t  to  th e  mode o f  a c t io n  o f  th e  su p p ress iv e  
f a c t o r ,  l i t t l e  i s  known a t  p r e s e n t .  Kapp e t  a l  (1974, 1976) in  t h e i r  
s tu d ie s  1n which th e  s y n th e t i c  te rpo lym er a n t ig e n  system composed o f  
L-glu tam ic a c i d ^ - L - a l a n i n e ^ - L - t y r o s i n e ^  (GAT) d e f in ed  th e  r o le  o f  
g e n e t ic  c o n tro l  f o r  th e  p roduc tion  o f  th e  immunosuppressive f a c t o r ( s ) .  
T h e ir  f in d in g s  a r e  s im i la r  to  t h a t  o f  Tada. They p o s tu la te d  a two 
s te p  mechanism f o r  th e  mode o f  a c t io n  o f  th e  su p p re s s iv e  f a c t o r  on 
th e  inmune response  (Waltenbaugh e t  a l , 1977). The f i r s t  proposed 
s t e p ,  a n t ig e n  m ediated , would r e s u l t  in  th e  p roduc tion  o f  an a n t ig e n -  
s p e c i f i c  su p p re s s iv e  f a c t o r  and during  th e  second s t e p ,  th e  f a c t o r  
m ediates  a su p p re s s iv e  e f f e c t  on a t a r g e t  c e l l .  In t h i s  model, two 
T c e l l  p o p u la t io n s  a r e  invo lved ; one p o p u la t io n  produces th e  f a c to r  
and t h i s  f a c t o r  a c t s  upon a second d i s t i n c t  su b se ts  o f  T c e l l s  which 
then  become th e  e f f e c t o r  su p p re s so r  T c e l l s .  Thus, a c t i v a t io n  o f  a 
l im i te d  number o f  f a c t o r  producing c e l l s  would r e s u l t  in  th e  g ener­
a t io n  o f  a g r e a t e r  number o f  e f f e c t o r  su p p resso r  T c e l l s .  However,
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f u r t h e r  ex p er im en ta tio n  a re  r e q u ire d  to  prove o r  d isp rove  t h i s  model.
E f f e c t  o f  s h o r t  term A dult Thymectomy. The e f f e c t  s h o r t  
term a d u l t  thymectomy e x e r t s  on Immunological resp o n s iv en ess  have no t 
been In v e s t ig a te d  f u l l y .  In th e  murine system , a d u l t  thymectomy de­
p le t e s  T-l c e l l s  from th e  sp leen  w i th in  2-4 weeks. Murine sp leen  c e l ls  
from th e se  anim als when assayed  a f t e r  two weeks post-thymectomy show 
an enhanced DNA s y n th e t i c  responses  in  th e  mixed lymphocyte r e a c t io n  
(Mosler and C an to r ,  1971). A dd itiona l s tu d ie s  showed t h a t  a d u l t  
thymectomized mice develop enhanced an tibody  response  to  T c e l l -  
independent a n t ig e n s  such as po lyv iny l p y r ro l id o n e  (R o t te r  and T ra in -  
i n ,  1974) and Cor.ynebacteriurn parvum (Howard e t  a l , 1973). R o t te r  and 
T ra in in  (1974) showed t h a t  th e  enhanced an tib o d y  responses  can be 
suppressed  by in fu s in g  th e  thymectomized mice w ith  syngeneu thymocytes 
from young donors. Kappler a t  a l  (1974) in  t h e i r  s tu d ie s  concerned 
w ith  fu n c t io n a l  h e te ro g e n e i ty  among thymus d e r iv ed  lymphocytes o f  
t h e  mouse showed t h a t  thymectomized anim als have in c re a se d  h e lp e r  T 
c e l l  a c t i v i t y  f o r  primary responses  to  t r i n i t r o - p h e n y la t e d  (TNP-SRBC) 
e ry th ro c y te s  and sheep red blood c e l l s .  With r e s p e c t  to  th e  r a b b i t  
system , Tanlguchi and Tada (1974) c l e a r l y  dem onstrated  t h a t  th e  r e l ­
a t i v e  d im inu tion  o f  T c e l l s ,  caused e i t h e r  by thymectomy in  e a r ly  
ad u lt-h o o d  o r  by t re a tm e n t  w ith  an ti- ly m p h o cy te  serum, s i g n i f i c a n t l y  
enhanced th e  an t ib o d y  response  to  d ln i t ro -p h e n y la te d -b o v in e  gamma 
g lo b u l in  (DNP-BGG). Furtherm ore, th e  enhancement was a s s o c ia te d  w ith  
a marked in c re a se  1n a f f i n i t y  f o r  th e  hapten by th e  an tib o d y  produced. 
P revious s tu d ie s  in  t h e i r  la b o ra to ry  (Okamura and Tada, 1971) using
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th e  r a t  system have showed t h a t  a d u l t  thymectomy markedly enhanced 
and prolonged t h e i r  p roduc tion  o f  IgE homocytotrophic an tib o d y  a g a in s t  
DNP-ascar1s. The absence o f  T su p p re sso r  c e l l s ,  d e p le te d  by s h o r t  
term  a d u l t  thymectomy, may have allow ed th e  e le v a te d  IgE response 
to  p e r s i s t  1n th e s e  an im a ls ,  which perhaps r e ta in e d  s u f f i c i e n t  numbers 
o f  h e lp e r  T c e l l s .
The e f f e c t  o f  a d u l t  thymectomy o f  th e  mouse on th e  secondary 
Immune re sp o n se ,  appears  to  be f a r - r e a c h in g  s in c e  thymectomized mice 
canno t be primed e f f e c t i v e l y  f o r  memory-helper T c e l l  a c t i v i t y  o r  f o r  
th e  ex p ress io n  o f  delayed  h y p e r s e n s i t i v i t y  r e a c t io n s  o r  secondary 
c y to to x ic  lymphocytes responses  (K appler e t  a l , 1974; Simpson and 
C antor, 1975). These f in d in g s  appeared  to  be c o n t r a d ic to r y  to  the 
experim ental r e s u l t s  r e p o r te d  in  t h i s  d i s s e r t a t i o n  and s h a l l  be 
d e a l t  w ith  in  th e  d i s c u s s io n .
More r e c e n t  experim ents  have shown t h a t  su p p re s so r ,  h e lp e r ,  
and c y to to x ic  T c e l l  a c t i v i t y  could be d i f f e r e n t i a l l y  re g u la te d  by 
in j e c t i o n  o f  com plete F reund 's  ad ju v a n t  (CFA). R ein isch  e t  a l  (1976) 
re p o r te d  t h a t  a f t e r  th e  i n j e c t i o n  o f  CFA, bo th  h e lp e r  and su p p re s so r  
a c t i v i t y  in c r e a s e d ,  whereas c y to to x ic  a c t i v i t y  (K c e l l )  d im inished  
markedly. They then  t r e a t e d  sham o r  thymectomized anim als w ith  ad­
ju v a n t  and su b seq u en tly  ch a llen g ed  them w ith  e i t h e r  a l lo g e n ic  tumor 
c e l l s  o r  murine sarcoma v i r u s .
Thymectomy ab ro g a ted  th e  in d u c tio n  o f  su p p re s so r  c e l l  
a c t i v i t y  in  v i t r o  (R e in isch  e t  a l ,  1977). D esp ite  th e  a d m in is t r a t io n  
o f  comple F reund 's  a d ju v a n t ,  thymectomized anim als developed a normal
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c y to to x ic  Immune response  w hile  sham-thymectomized anim als showed no 
c y to to x ic  a c t i v i t y  and th e se  anim als subsequen tly  d ied  o f  p ro g re s s iv e  
tum ors, whereas tumors 1n th e  thymectomized animals re g re s se d .
Although f u r t h e r  ex p er im en ta tion  1s r e q u ire d  f o r  p o s i t iv e  
I d e n t i f i c a t i o n  o f  th e  types o f  T c e l l s  t h a t  a r e  d e p le te d  a f t e r  a d u l t  
thymecton^y, i t  might be s a f e  to  su g g e s t  t h a t  during  a d u l t  l i f e  th e  
thymus produces and m ain ta in s  a p o p u la t io n  o f  s h o r t - l i v e d  T c e l l s  1n 
th e  p e r ip h e ra l  lymphoid t i s s u e  such as  th e  sp lee n  and t h i s  s h o r t ­
l iv e d  c e l l  e x e r t s  a r e g u la to ry  fu n c t io n  during  th e  development o f  
both  humoral and c e l l -m e d ia te d  immune re sp o n se s ,  and p o s s ib le  In ­
f lu e n c e s  th e  development o f  immunological memory.
E f f e c t  o f  a n t i  lymphocyte serum. Antilymphocyte serum (ALS) 
1s produced by immunization o f  h e te ro lo g o u s  s p e c ie s  w ith  lymphoid 
c e l l s  o r  t h e  s o lu b i l i z e d  membrane f r a c t i o n s .  ALS can be r a i s e d  by 
Immunization w ith  lymphocytes from most lymphoid t i s s u e s  such as 
thymus, lymph nodes, s p le e n s ,  p e r ip h e ra l  blood leukocy tes  (Lance e t  
a l ,  1973).
In vivo in j e c t i o n  o f  ATS w i l l  depress  th e  humoral an tibody  
response  to  a v a r i e ty  o f  a n t ig e n s ,  presumably by d e p le t in g  r e c i r c u l ­
a t in g  T c e l l s  which may e x e r t  T c e l l  h e lp e r  fu n c tio n s  (Lance, e t  
a l ,  1973). Baum e t  a l  (1969) re p o r te d  t h a t  r a t s  p r e t r e a t e d  with 
IgG f r a c t i o n  o f  ALS showed a marked su p p ress io n  o f  th e  an tib o d y  r e ­
sponse to  SRBC, however, th e  response  to  KLH was s ix te e n  tim es g r e a te r  
than  t h a t  o f  n o n - tr e a te d  an im als. S im ila r  r e s u l t s  were o b ta in ed  in
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th e  s tu d ie s  by Kerbel and E ld in g er  (1971) when using  ALS tre a tm e n t  o r  
ALS tre a tm e n t  1n c o n ju n c tio n  w ith  a d u l t  thymectomy. In subsequent 
s t u d i e s ,  1 t  was shown t h a t  a f t e r  a d m in is t r a t io n  o f  s in g le  dose o f  ALS, 
an tib o d y  responses  to  some T c e l l - In d e p e n d e n t  a n t ig e n s  such as pneu- 
mococcal p o ly sac ch a r id e  (Baker e t  a l ,  1970a, b; 1974a; B artho ld  e t  a l ,
1973) and po lyv iny l p y ro l l id o n e  (Kerbel and E id in g e r ,  1972) a r e  o f te n  
markedly enhanced. ALS may cause  d e p le t io n  o r  in a c t iv a t i o n  o f  a 
su p p resso r  T c e l l  s in c e  th e  enhanced responses  to  T c e l l - in d e p e n d e n t  
a n t ig e n s  was reduced to  th re sh o ld  response  le v e l s  a f t e r  th e  in j e c t io n  
o f  syngeneic  thymocytes In to  A L S-treated  anim als (Baker e t  a l , 1970b,
1974). F u r th e r  ev idence to  su p p o rt  t h i s  h y p o th es is  has come from ex­
perim ents  1n c o n g e n i ta l ly  athymic (nu/nu) mice whose response to  
pneumoccal p o ly sac ch a r id e  was not a f f e c te d  by ALS tre a tm e n t  (Baker e t  
a l ,  1973). However, more r e c e n t ly ,  Warr e t  a l  (1975) showed t h a t  a l ­
though an tib o d y  response  to  pneumoccal p o ly sac ch a r id e  may be en­
hanced a f t e r  a d m in is t r a t io n  o f  ALS, th e  enhanced responses  a r e  no t 
reduced by in j e c t i o n  o f  normal syngeneic  thymocytes. These r e s u l t s  
do n o t  c o r r e l a t e  w ith  d a ta  d esc r ib ed  above and cannot be ex p la in e d  as 
o f  y e t .  I t  i s  conce iv ab le  t h a t  th e  enhanced responses  to  T c e l l -  
independent a n t ig e n s  a f t e r  ALS tre a tm e n t  may not be due to  a de­
p le t io n  o f  su p p resso r  T c e l l s ,  b u t to  a m itogenic  e f f e c t  o f  ALS on B 
c e l l s  (P ie rc e  and Kapp, 1976). More ex p er im en ta tio n  i s  needed to  
r e s o lv e  t h i s  paradox.
MATERIAL AND METHODS
Experimental Animals
R a b b i ts . Randomly bred New Zealand White r a b b i t s  weighing 
1 .5 - 1 . 8  kilogram s (8-10 weeks o ld )  were used. They were o b ta in ed  
from a c lo se d  colony m ain ta ined  in  t h i s  la b o ra to ry .  The r a b b i t s  were 
fe d  Purina  r a b b i t  p e l l e t s  and g iven  w ate r  ad l ib i tu m .
Sheep. An a d u l t  female sheep was m ain ta ined  a t  th e  LSU 
d is e a s e  animal re se a rc h  c e n te r  and was used as  red  blood c e l l  donor. 
Sheep blood was c o l l e c t e d  monthly from th e  ju g u la r  v e in ,  in to  an 
equal volume o f  c h i l l e d  A ls e v e r 's  s o lu t io n  (Campbell e t  a l , 1970) and 
s to r e d  a t  4° C u n t i l  needed.
H orse. Two Welsh ponies  were immunized w ith  r a b b i t  th y ­
mocytes to  produce a n t1 - ra b b 1 t  thymocyte serum. They were kep t in 
th e  LSU d ise a se  animal re se a rc h  c e n te r .
Antigen
P re p a ra t io n  o f  D in i t ro -p h e n y la te d  p r o t e i n s . The 1 - f lu o r o -  
2 , 4 -d in i t ro b e n z e n e  (DNFB) was purchased from Eastman Organic Chemicals, 
R och es te r ,  N.Y. and was r e c r y s t a l l i z e d  from a b s o lu te  e thano l th re e
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tim es b e fo re  u se .  Hen ovalbumin (OVA), Bovine gamma-globuHn (BGG), 
Bovine Serum albumin (BSA), were ob ta in ed  from Sigma Chemicals,
S t .  L ou is , MO as Cohn f r a c t i o n  V. Keyhole lim p e t hemocyanln was 
purchased from Calb1ochem1cals, San Diego, CA. 1n r e c r y s ta l  11 zed 
powder form.
The 2 ,4 -d 1 n i t ro -p h e n y la te d  p ro te in s  were prepared  by th e  
method o f  E isen  (1964). One gram o f  DNFB was d is so lv e d  1n 50 ml 
g la s s  o f  d i s t i l l e d ,  de io n ized  w a te r  in an erlenm eyer f l a s k  wrapped 
w ith  aluminum f o i l  to  s h ie ld  th e  co n te n ts  from l i g h t .  One gram o f  
Potassium Carbonate was added and then  one gram o f  p ro te in  was added 
a f t e r  th e  s a l t  d i s s o lv e d ,  and th e  pH approached 9. The r e s u l t i n g  
s o lu t io n  was s t i r r e d  in  th e  dark  f o r  24 hours a t  37° C. A f te r  t h i s  
p e r io d  th e  DNP-conjugated p ro te in  was e x te n s iv e ly  d ia ly z e d  in  th e  
c o ld  a g a in s t  phosphate b u f fe r  s a l i n e  (PBS), pH 7 .3 .  The p ro te in  con­
t e n t  was determ ined by dry w eigh t d e te rm in a tio n  and th e  dry w eights 
so o b ta in ed  were c o r re c te d  f o r  th e  p resence o f  PBS. The degree o f  
DNP s u b s t i t u t i o n  was e s tim a te d  s p e c t ro p h o to m e tr ic a l ly  by assuming 
t h a t  a l l  hapten groups (DNP) were coupled to  £-am ino groups o f  ly s in e .  
The molar absorbancy o f  free£ -D N P -L -ly s1 n e  was 17,530 a t  360 nm 
(E ise n ,  1964). The formula f o r  d e te rm in a tio n  o f  numbers o f  sub­
s t i t u t i o n  o f  DNP in to  p ro te in  i s  as fo llow s:
O p tica l  d e n s i ty  o f  DNP-protein co n ju g a te
M o la r i ty  o f  con jugate  
# o f  s u b s t i t u t i o n  -  ____________________________________________
E-DNP-L-lysine molar e x t in c t io n  c o e f f .
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where:
O p tica l  d e n s i ty  o f  DNP-prote1n co n juga te  ® absorbance o f  
DNP-prote1n con juga te  a t  360 mu E-DNP-L-lysine molar e x t in c t i o n  
c o e f f i c i e n t  -  17530. The fo llow ing  h a p te n -p ro te in  co n ju g a te  were 
p repared : DNPy-OVA, DNP2 -J-BSA, DNPgg-BGG, DNPggQ-KLH. S u b sc r ip ts
r e f e r  t o  th e  average number o f  moles o f  DNP per moles o f  p r o te in .
The immunization schedu les  used a r e  d e sc r ib e d  below.
C o l le c t io n  and p re p a ra t io n  o f  r a b b i t  serum. Blood was c o l l e c te d  from 
th e  c e n t ra l  e a r  a r t e r y  and allowed to  c l o t  a t  room tem pera tu re  f o r  
one hour, then  f re e d  from th e  tube by r in g in g  th e  c l o t  and s to re d  
a t  4° C to  promote c l o t  r e t r a c t i o n .  The serum was decanted  and 
c l a r i f i e d  by c e n t r i f u g a t io n  and s to r e d  a t  20° C u n t i l  s e ro lo g ic a l  
assay s  were done.
Coupling o f  a n t ig e n  to  sheep e ry th ro c y te s  by th e  Chromium 
C hloride  method. The chromium c h lo r id e  method f o r  coup ling  a n t ig e n  
to  e ry th ro c y te s  i s  w idely  used (Gold and Fudenberg, 1967; Faulk and 
Houba, 1973; K ofler  and Wick, 1977). This method i s  r e l a t i v e l y  sim­
p l e ,  in  t h a t  no s p e c ia l  reag en ts  o r  d i f f i c u l t  m an ipu la tions  a re  
re q u ire d  in  t h i s  p rocedure . Although th e r e  a r e  r e p o r t s  (Goding, 1976) 
which suggested  poor r e p r o d u c i b i l i t y  due to  some v a r ia b le s  which may 
a f f e c t  th e  coupling  p ro c e s s ,  in  o u r  experim ents no such problems were 
encoun te red . There e x i s t s  only l im i te d  in fo rm atio n  abou t th e  coup­
l in g  mechanism i t s e l f .  Faulk and Houba (1973) suggested  th a t
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chromium c h lo r id e  may a c t i v a t e  the  carboxyl r e s id u e s  1n th e  p ro te in  
o f  th e  red  blood c e l l  membrane and hence c r e a te  a c t i v e  s i t e s  f o r  
a n t ig e n  b in d in g .
In o u r  la b r a to ry  p re l im in a ry  experim ents  were run to  d e t e r ­
mine th e  c o n c e n tra t io n s  o f  p r o te ln - a n t lg e n ,  chromium c h lo r id e  and 
sheep e ry th ro c y te s  re q u ire d  f o r  optimal c o u p lin g .  The procedure  we 
adopted f o r  optim al coup ling  i s  as fo l lo w s .  To 0 .5  ml o f  packed SRBC 
which had been washed th re e  times in  co ld  s a l i n e  was added 0 .5  ml of 
p ro te in  a n t ig e n  a t  a c o n c e n tra t io n  o f  3 mg per  ml. Immediately 0 .5  
ml o f  0 . 1% chromium c h lo r id e  was added to  th e  m ix tu re  and th e  r e ­
s u l t i n g  m ix tu re  was shaken manually. The m ix tu re  was he ld  a t  room 
tem pera tu re  f o r  6 m inutes w ith  occas iona l s t i r r i n g .  The coup ling  
r e a c t io n  was s topped  by th e  a d d i t io n  o f  10 ml o f  co ld  phosphate 
b u f f e r  s a l in e *  pH 7 .3 .  A f te r  th re e  washes w ith  co ld  s a l i n e ,  th e  
a n t ig e n -c o u p le d  SRBC were ready to  be d i lu t e d  and d ispensed  in to  
m i c r o t i t e r  p la t e s  f o r  th e  p a ss iv e  hem agglu tina tion  a ssay .  A con­
c e n t r a t i o n  o f  1.0% s e n s i t i z e d  SRBC was found to  be r e q u ire d  f o r  
optim al a g g lu t in a t io n  in  th e  presence o f  anti-DNP an tise ru m . During 
th e  coup ling  p ro c e s s ,  th e  c o n c e n tra t io n  o f  a n t ig e n  used i s  im portan t.  
Excess a n t ig e n  may i n a c t i v a t e  chromium c h lo r id e  which cou ld  p rev en t  
c r e a t io n  o f  a c t iv e  s i t e s  on th e  e ry th ro c y te  membrane. On th e  o th e r  
hand, a n t ig e n  c o n c e n tra t io n s  t h a t  a r e  too low in  r e l a t i o n  to  th e  
chromium c h lo r id e  c o n c e n tra t io n  may r e s u l t  in  incom plete  f i l l i n g  o f  
th e  e ry th ro c y te  b in d in g  s i t e s  and which could  r e s u l t  1n spontaneous 
a g g lu t in a t io n .
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Table 1. Hank's balanced s a l t  s o lu t io n  used as
d i lu e n t  In p a s s iv e  hem agg lu tina tion  a s sa y s .
C o n s t i tu e n ts
F lask  1. NaCl, 8g; KC1, 0 .4 g ;  Na2HP04 .7H20 , 0 .189g; 
KH0PO4 , 0 .05g ; Glucose 2 .0 g ;  G e la t in ,  
l .O g  in  700 ml o f  b o i le d  r e d i s t i l l e d  w a te r .
F lask  2. CaCl2 .2H20 , 0.265g in  100 ml b o i le d  r e ­
d i s t i l l e d  w a te r .
F lask 3. MgS04 , 0.09772g 1n 100 ml b o i le d  r e ­
d i s t i l l e d  w a te r .
F lask  4. NaHC0 3 , 0 .34g 1n 100 ml b o i le d  r e d i s t i l l e d  
w a te r .
Procedure
1. Autoclave a l l  fo u r  f l a s k s  f o r  10 m in u tes ,  S to re  a t  r e ­
f r i g e r a t o r  tem p era tu re .
2. When needed, mix th e  c o n te n ts  o f  f l a s k s  2 , 3 and 4 In to
th e  c o n te n ts  o f  f l a s k  1 .
3. Check pH (range  7 .2  to  7 .6 ) .
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P ass iv e  hem agglu tina tion  a s s a y . Serum c o l l e c te d  from p re ­
b leed  and Immunized r a b b i t s  were absorbed th r e e  times w ith  equal 
volumes o f  packed SRBC. The s e ra  were then  h e a t - I n a c t iv a te d  (56°C,
30 m1n) p r io r  to  u se . M 1crot1 ter  tech n iq u es  and equipment (Cooke 
Engineering C o., A lex an d ria ,  VA) were used to  run th e  a g g lu t in a t io n  
t i t e r s .  M ic r o t i t e r  p l a t e s  w ith  V-shaped w e lls  were loaded using  a 
m i c r o t i t e r  p i p e t t e  w ith  0 .05  ml o f  Hank's balanced  s a l t  s o lu t io n  
(HBSS). F ive-hundred th  o f  one ml m ic ro d i lu te r s  were c le a n e d ,  c a l ­
i b r a te d ,  and loaded w ith  serum. The an tiserum  (0 .05 ml) was d e l iv e re d
to  th e  f i r s t  w ell and mixed w ith  th e  HBSS d i lu e n t  by a r o ta t i n g  a c t io n .
S e r ia l  d i l u t i o n s  were made through a t  l e a s t  12 w e l ls  and sometimes 
15-16 w e l l s ,  as  th e  t i t e r  d i c t a t e d .  Next 0 .05  ml o f 1% a n t ig e n -
coupled SRBC suspension  was added to  each well and mixed by g e n t le
tapp ing  o f  th e  p l a t e  edge. To c o n tro l  f o r  spontaneous a g g lu t in a t io n ,  
th e  l a s t  w ell o f  each p l a t e  co n ta in ed  d i l u e n t  and an t ig en -co u p led  
SRBC o n ly .  The t i t e r  was recorded  as th e  r e c ip ro c a l  o f  th e  h ig h e s t  
d i l u t i o n  showing a g g lu t in a t io n .
P re p a ra t io n  o f  immunoabsorbents. The p rocedure  used was 
e s s e n t i a l l y  th e  same as t h a t  recommended by Pharmacia Chemicals 
(P lsca taw ay , NJ). Twenty grams wet w eight o f  Sepharose 4B was washed 
on a s in t e r e d - g l a s s  funnel w ith  d i s t i l l e d  w a te r .  The washed Sepharose 
was suspended 1n 50 ml o f  w ate r  and 2 grams o f  s o l i d  cyanogen bromide 
was added to  th e  suspension  w hile  i t  was be ing  s t i r r e d .  The a c t i v ­
a t io n  procedure was done in  a w e l l - v e n t i l a t e d  hood. The pH o f  th e
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suspension  was kep t a t  pH 11 by p e r io d ic  a d d i t io n  o f  2 M NaOH s o l ­
u t io n .  The r e a c t io n  was te rm in a ted  by th e  a d d i t io n  o f  co ld  w ate r  
d i r e c t l y  to  th e  m ix tu re  when th e  pH remained c o n s ta n t .  The m ix ture  
was then  t r a n s f e r r e d  to  th e  s in t e r e d - g l a s s  funnel and washed w ith  
co ld  0.1 M NaHCOg se v e ra l  times (approx im ate ly  300 m l).  The a c t iv a te d  
Sepharose was added to  50 ml o f  normal o r  Immunized immunoglobulin 
a t  a c o n c e n tra t io n  o f  3 mg per  ml 1n 0.1 M NaHCOg. The suspension  
was s t i r r e d  f o r  18 hours a t  4° C and then  washed w ith  phosphate 
b u f fe re d  s a l i n e ,  pH 7 .2 ,  u n t i l  no abosrbance a t  280 mm could  be de­
te c te d  in  the  f i t r a t e .  The e f f i c i e n c y  o f  coup ling  was determ ined by 
measuring th e  absorbance o f  th e  p ro te in  s o lu t io n  b e fo re  and a f t e r  
coup ling  to  a c t i v a te d  sepharose .  Next th e  immunoabsorbent was s u s ­
pended in  3 M NaSCN f o r  1 hour to  make s u re  t h a t  th e  p r o te in  coupled 
to  th e  sepharose  was n o t r e le a s e d  from th e  immunoabsorbent under th e se  
c o n d i t io n s ,  s in c e  3 M NaSCN was used to  e l u t e  a n t ig e n  fragm ents from 
th e  coup led -an tib o d y  in  th e  immunoabsorbent.
Thymectomy. Rabbits  which weighed between 1000 and 1500 
grams (approx im ate ly  6 to  8 weeks o ld )  were used. At t h i s  age , th e r e  
1s l im i te d  v a s c u la r iz a t io n  o f  th e  c h e s t  dermis and l i t t l e  o r no 
f a t  perm eating th e  thymus g lan d .  The r a b b i t s  were i n j e c te d  w ith  0 .4  
ml o f  Combiotic in tram u scu la ry  24 hours b e fo re  thymectomy. The c h e s t  
a rea  was shaved from th e  neck to  th e  ep iph i s ternum , and c leaned  w ith  
Phlsohex and w a te r .  I n i t i a l l y  0 .3  ml. o f  2.5% sodium p e n ta b a r b i ta l  
was ad m in is te red  in t ra v e n o u s ly  and a d d i t io n a l  a n e th e s t i c  was given
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d u r in g  th e  20 to  30 m inutes s u rg ic a l  p e r io d  as needed. An In c i s io n  
was made through th e  dermis and muscle la y e rs  to  th e  l e f t  o f  th e  
sternum . The c h e s t  c a v i ty  was e n te re d  by c u t t i n g  through th e  f i r s t  
and second r ib s  a t  t h e i r  s te rn o c o s ta l  j u n c t io n s .  The muscle la y e rs  
were c u t  to  th e  t h i r d  r i b  and th e  opening was r e t r a c t e d  using  s t a i n ­
l e s s  s t e e l  sp re a d e rs .  By g e n t le  p u l l i n g ,  th e  thymus was se p a ra te d  
from I t s  a ttachm ent s i t e  on th e  a o r ta  in t o to  w ith  dog-too thed  f o r ­
ceps .  The m uscu la tu re  and r i b s  were c lo se d  w ith  a s in g l e  s u tu re  l i n e  
o f  0000 g u t s i l k  o r  s y n th e t i c  s u tu r e .  The r a b b i t s  were housed in d iv id ­
u a l ly  in  s team -c leaned  cages and m ain ta ined  w ith  pu rina  p e l l e t s  and 
w a te r  w ith  Terramycin f o r  a t  l e a s t  one week b e fo re  experim ental 
m an ip u la tio n .
P re p a ra t io n  o f  thymus and sp lee n  c e l l  suspens ions  and t h e i r  
e x t r a c t . Spleens and thymuses were removed from normal o r  hyper- 
immunized r a b b i t s  and p laced  in  a small amount o f  c h i l l e d  Medium 199 
(Grand Is la n d  B lo lo g ic a l s ,  NY). They were minced w ith  fo rcep s  and 
s c i s s o r s  and re le a s e d  from f ib ro u s  co n n ec tiv e  t i s s u e  by g e n t le  
shaking  a f t e r  th e  minced t i s s u e  was d e l iv e re d  to  a screw-capped conical 
c e n t r i f u g e  tu b e .  Next th e  c e l l s  were passed through a #74 s t a i n l e s s  
s t e e l  s i e v e ,  washed th r e e  times w ith  co ld  Medium 199, respended in  
phosphate b u f fe re d  s a l i n e ,  pH 7 .2 ,  and a f t e r  t o t a l  n u c le a te d  c e l l
Q
counts  were made th e  numbers were a d ju s te d  to  2 x 10 c e l l s  p e r  ml 
f o r  thymus and 4 x 10® c e l l s  p e r  ml f o r  sp le e n .
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C e l l - f r e e  e x t r a c t s  were p repared  from thymocytes and sp leen  
c e l l s  by s o n lc a t lo n .  The c e l l  suspensions  were su b je c te d  to  so n l-  
c a t lo n  1n a Branson s o n lc a to r  (Branson, Danbury, CT) w ith  20 k c /se c  
f o r  5 m inutes w hile  1n a v esse l  Immersed in  i c e  w ate r  so as to  
minimize t h e  r i s e  1n tem p era tu re .  The s o n ic a te d  suspensions  were 
then  c e n tr i fu g e d  a t  20000 x g f o r  one hour and c e l l - f r e e  su p e rn a ta n t  
f l u i d s  were c o l l e c te d  and s to r e d  in  -20° C.
A dsorption s t u d i e s . The thymocyte e x t r a c t  was d iv id ed  in  
fo u r  o r  f i v e  a l iq u o t s  and absorbed w ith  d iffer-Im m unoabsorben ts .  They 
were absorbed w ith  IgG f r a c t i o n  o f  a n t i - r a b b i t  thymocyte a n t i s e r a ,  
normal ho rse  IgG, o r  ovalbumin immobilized on Sepharose in  an immuno­
a b so rb en t  column. The Immunoabsorbent columns were c o n s tru c te d  by 
adding p ro te in -c o u p le d  Sepharose 4B to  a 10 ml p l a s t i c  sy r in g e  f i t t e d  
w ith  g la s s  wool a t  th e  o u t l e t .  Two ml o f  thymocyte e x t r a c t  ( 4 x 10^ 
whole c e l l  e q u iv a le n t)  was added to  th e  column and incuba ted  a 4° C 
f o r  3 hours . A f te r  th e  in cu b a tio n  p e r io d ,  th e  column was washed by 
p ass in g  50 ml o f  phosphate b u f f e r  s a l i n e ,  pH 7.2 through th e  immuno­
ab so rb e n t  to  remove those  c o n s t i tu e n t s  o f  th e  e x t r a c t  t h a t  were no t 
s p e d f l c l y  bound to  th e  immunoabsorbent. The e lu a te  was monitored 
a t  280 nm f o r  th e  e s t im a t io n  o f  p ro te in  c o n te n t .  To e lu t e  th e  
f r a c t i o n s  t h a t  were bound s p e c i f i c l y  to  th e  immunoabsorbent column,
3 M NaSCN in  phosphate b u f f e r  s a l i n e ,  pH 7 .2  was passed through th e  
column and th e  e lu a te s  were c o l l e c te d  and were d la ly z e d  a g a in s t  th re e  
changes o f  phosphate b u f fe r  s a l i n e  to  remove th e  NaSCN. Before th e
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f r a c t i o n s  were I n je c te d  In to  th e  r a b b i t ,  th e  f r a c t i o n s  which were to  
be assayed  were a d ju s te d  to  th e  s t a r t i n g  volume o f  whole e x t r a c t  by 
c o n c e n tra t in g  th e  d la ly z e d  e lu a n t  w ith  an vacuum u l t r a f l l t r a t l o n  
a p p a ra tu s .
Sodium dodecyl s u l fa te -p o ly a c ry la m id e  gel e l e c t r o p h o r e s i s  
o f  thymus e x t r a c t  (SDS-PAGE). The thymus e x t r a c t s  t h a t  were e lu te d  
from th e  Imnunoabsorbent columns w ith  3 M NaSCN were d ia ly z e d  a g a in s t  
th re e  changes o f  de io n ized  and d i s t i l l e d  w a te r .  The d ia ly z e d  ex­
t r a c t s  were f r e e z e -d r i e d  in  1 ml o f  s a l i n e .  SDS-Page was run acco rd ­
ing to  th e  method o f  Laemnli (1970) as m odified  by V. B arta  (persona l 
communication). Stock re a g e n ts  f o r  po ly m eriza tio n  o f  th e  g e ls  were 
p repared  as in  Table I I .  The sample g e ls  ( r e s o lv in g  g e ls )  were po ly ­
m erized in  a g la s s  tem pla te  by l i g h t  exposure f o r  20 to  40 minutes 
and o v e r la id  w ith  3 t o  4 mm o f  w ate r  on top  o f  th e  sample gel m ix ture  
u n t i l  th e  gel polym erized. A f te r  po ly m eriza tio n  was com pleted, th e  
w a te r  was removed and w ith  th e  tem pla te  in  an u p r ig h t  p o s i t io n  the  
s ta c k in g  gel m ix tu re  (Table  ) was added on top o f  th e  re s o lv in g  gel 
w ith  a w a te r  o v e r la y .  A p l a s t i c  wel1-maker was p laced  on top  o f  th e  
sp ace r  g e l .  The g e ls  were p laced  a t  a d i s ta n c e  a t  about 30 cm from 
th e  photopolymer1z1ng l i g h t  source  and a f t e r  10 to  15 m inutes o f  
exposure , th e  l i g h t  source  was moved up to  th e  column f o r  an a d d i t io n a l  
15 m inutes which ensured  gradual p o ly m eriza tio n  and a gel w ith  homo­
genous pore s i z e .
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Table  I I .  D is so c ia t io n  b u f f e r  f o r  p ro te in  samples 
1n SDS-PAGE 2X b u f f e r .
0 .2  M Tr1s-HCl (pH 6 . 8 ) 50 ml 25 ml
SDS 4g 2g
2 -me rca  p toe  tha  no 1 10 ml 5 ml
g ly ce ro l 10 ml 10 ml
0 . 01% Bromophenol b lue  
s o lu t io n
20 ml 10 ml
D i s t i l l e d  Water 10 ml 5 ml
100 ml 50 ml
S ta in in g  s o lu t io n  f o r  g e l :
1. D isso lve  0.275g o f  coomassle b r i l l i a n t  b lue  in  
100 ml o f  m ethanol: w a te r  m ix tu re  ( 1:1  v /v ) .
2 . S to red  a t  room te m p e ra tu re .
3. J u s t  b e fo re  u s e ,  add 10 ml o f  g la c i a l  a c e t i c  a c id  
p e r  100 ml o f  dye s o lu t io n .
4 . S ta in  f o r  2 hours a t  room tem p era tu re .
D esta in ing  s o lu t io n  f o r  g e l :
1. P repare  1035 a c e t i c  a c id  and 30% methanol in  
d i s t i l l e d  w a te r .
2. D es ta in  f o r  48 hours w ith  th r e e  changes o f  th e  
d e s ta in in g  s o lu t io n .
For s to ra g e  o f  th e  g e l :
1. S to red  In 3.0% a c e t i c  a c id  in  d i s t i l l e d  w a te r .
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O ne-ha lf  m i l l i l i t e r  o f  each o f  a p p ro p r ia te  thymocyte ex ­
t r a c t s  were added to  0 .5  ml o f  2X d i s s o c i a t i o n  b u f f e r .  The m ix ture  
was hea ted  to  100° C f o r  2 m inutes w ith  c o n s ta n t  shaking and then 
cooled a t  4° C In  a r e f r i g e r a t o r .  E le c tro p h o re s is  was performed 1n 
a Savant Gel e le c t r o p h o r e s i s  u n i t  (Savant In s tru m e n ts ,  New York).
F i f t y  m l c r o l i t e r s  o f  th e  b o i le d  e x t r a c t s  were p laced  in  th e  w e lls  on 
top o f  th e  sp ace r  gel w ith  Eppendorf p lp e t s .  Then th e  samples were 
o v e r la id  w ith  e le c t r o d e  b u f f e r  and e lec trophoresed  a t  30 miTHampheres 
u n t i l  th e  t ra c k in g  dye was approx im ate ly  0 .5  cm. from th e  bottom o f  
th e  g e l .  The e l e c t r o p h o re s i s  p rocess  took approxim ate ly  3 hours .
A f te r  e l e c t r o p h o r e s i s ,  th e  g e ls  were removed from th e  g la s s  tem p la te  
by g e n t ly  f o rc in g  s ta in in g  s o lu t io n  (Table I I I )  between th e  gel and the 
g la s s  p l a t e  w ith  a s y r in g e .  The g e ls  were then  s ta in e d  f o r  two hours 
a t  room tem pera tu re  and d e s ta in e d  f o r  48 hours a t  60° C w ith  each 
e le c t r o p h o r e s i s ,  a s e t  o f  m e lecu la r  w eight marker ( s ta n d a rd )  manu­
fa c tu re d  by B iorad (San Diego, CA) was run w ith  th e  sample, th e se  
were used as m o lecu la r  w eight c a l i b r a t io n s  f o r  the sample a ssay ed .
P re p a ra t io n  o f  h o rse  a n t i - r a b b i t  thymus serum (HARTS).
The an tise rum  was from th e  same pool c o l l e c t e d  and p repared  by Arnold 
(1975). Two Welsh ponies were immunized th r e e  tim es by in trav e n o u s  
i n j e c t io n s  o f  3 x 10^® New Zealand White r a b b i t  thymus c e l l s  suspended 
in  30 ml o f  HBSS (DeLaNoue e t  a l , 1972) a t  weekly i n t e r v a l s .  Two 
l i t e r s  o f  blood were taken  from the  ju g u la r  vein on th e  second, t h i r d ,  
and f i f t h  week a f t e r  th e  f in a l  immunization. The serum was recovered
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Table I I I .  Components f o r  th e  p re p a ra t io n  o f  re so lv in g  
(sample) gel f o r  SDS-PAGE.
6% 8% 10% 12%
30%-acryl ami d e - 0 .8%-bi s -  
acry lam lde
10.0  ml 14.15 ml 16.5 ml 2 0 .0  ml
3 M Tris-HCl (pH 8 . 8 ) 6 .2 5  ml 6 .25  ml 6 .25  ml 6 .25 ml
10% SDS 0 .5  ml 0 .5  ml 0 .5  ml 0 .5  ml
TEMED* 25 ul 25 ul 25 ul 25 ul
Water 33.0 ml 28 .8  ml 26.3 ml 23.0 ml
10% Ammonium p e r s u l f a t e 0 .25  ml 0 .25  ml 0 .25  ml 0 .25  ml
*TEMED -  use u n d i lu te d
Components f o r  th e  p re p a ra t io n  o f  sp ace r  f o r  SDS-PAGE
3% 3.6%
30%-acryl- 0 . 8% -bis-avryl 1 .2  ml 1 .0  ml
1 M Tris-HCl (pH 6 . 8 ) 1 .25  ml 1.25 ml
10% SDS 0.1  ml 0.1  ml
TEMED* 5 ul 5 ul
Water 7 .34  ml 7.54  ml
10% Ammonium p e r s u l f a t e 0 .1  ml 0.1  ml
*TEMED -  use u n d i lu te d
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as p re v io u s ly  d e sc r ib e d  f o r  r a b b i t  serum and s to r e d  1n 50 ml a l iq u o ts  
a t  -20° C.
DEAE f r a c t i o n a t i o n  o f  HARTS. In o rd e r  to  avoid  provoking 
serum s ic k n e ss  in  r a b b i t s  which were i n j e c t e d  with HARTS, th e  IgG 
f r a c t i o n  o f  th e  h o rse  an tise ru m  an ti- th y m u s  gamma g lo b u l in  (ATGG) 
was used. T h ir ty  grams o f  DEAE Whatman DE 23 (C at. # 24233) was 
suspended in  800 ml o f  0 .5  N NaOH and 0 .5  N NaCl. The gel s lu r r y  
was allow ed to  s e t t l e  f o r  30 m inu tes. The s u p e rn a ta n t  f l u i d s ,  which 
co n ta in ed  th e  f i n e  p a r t i c l e s  were decanted  and th e  DEAE was washed 
w ith  600 ml o f  1 N NaCl. This p rocess  was re p e a te d  a second time and 
then th e  DEAE was f i l t e r e d  through two th ic k n e s s  o f  15 cm Whatman #1 
q u a l i t a t i v e  f i l t e r  paper under n e g a t iv e  p r e s s u re .  Next, 400 ml o f  
1 N HC1 was added to  th e  s lu r r y  and im m ediately  f i l t e r e d .  The 
DEAE was washed w ith  d i s t i l l e d  w a te r  and s to r e d  a t  4° C o v e rn ig h t .
The DEAE was n ex t  suspended in  1 l i t e r  o f  0.01 M phosphate b u f f e r ,  
pH 8 .0 .  The s lu r r y  was f i l t e r e d  and washed w ith  phosphate  b u f f e r  
u n t i l  th e  pH approached 8 .0 ,  a t  which time i t  was s t i r r e d  under 
n e g a t iv e  p re s s u re  to  remove tra p p ed  a i r .  The DEAE was packed in to  a 
g la s s  column (20 x 400 cm) by pouring  th e  gel s l u r r y  in to  th e  column 
fo llow ed by p ass in g  200 ml o f  phosphate b u f f e r  through th e  column.
A 40 ml a l i q u o t  o f  HARTS was hea ted  to  i n a c t i v a t e  complement 
(56° C, 30 min) and th en  absorbed  w ith  t h r i c e  washed r a b b i t  RBC 
(0 .2  ml packed RBC p e r  1 .0  ml serum) a t  room tem p era tu re  f o r  30 min­
u tes  to  remove a n t i - r a b b i t  hem olysin. The absorbed serum was d ia ly z e d
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1n th e  co ld  a g a in s t  100 volumes o f  0.01 M phosphate  b u f f e r ,  pH 8 .0
which was changed th re e  times a t  8 hour I n t e r v a l s .  Next, th e  d ia ly z e d
serum was c e n tr i fu g e d  a t  5000 rpm f o r  30 m1n. to  remove pseudoglobulin  
p r e c i p i t a t e .
An a l i q u o t  o f  10 ml o f  d ia ly z e d  HARTS was added to  th e  pack­
ed DEAE column. The serum was allow ed to  e n t e r  the bed, and then the
IgG f r a c t i o n  was e lu te d  w ith  0.01 M phosphate b u f f e r ,  pH 8 .0 .  The 
e lu a n t  was c o l l e c t e d  1n 10 ml. f r a c t i o n s  and t h e i r  p r o te in  c o n te n t  
was e s t im a te d  by measuring o p t ic a l  d e n s i ty  read in g s  a t  280 nm in  a 
Beckman double beam sp ec tro p h o to m ete r .  F ra c t io n s  which possessed  an 
o p t ic a l  d e n s i ty  o f  0 .5  o r  g r e a t e r  were pooled. Depending upon th e  
le n g th  o f  th e  column, th e  IgG peak u s u a l ly  s t a r t e d  a f t e r  50 ml had 
been c o l l e c t e d  and was g e n e ra l ly  completed w i th in  the  nex t 30 ml.
The pooled f r a c t i o n s  were co n c e n tra te d  to  5 ml using  po lyv iny l 
p y rro l id o n e  o r  Aquacide I I  (Calbiochem, San Diego, CA) a t  4° C.
Total p ro te in  d e te rm in a tio n s  were performed on th e  con­
c e n t r a t e d  IgG f r a c t i o n s  by a m o d if ic a t io n  o f  th e  Lowry method 
(Lowry e t  a l ,  1951). The t o t a l  c o n c e n tra t io n  o f  each ATGG p re p a r ­
a t io n  was a d ju s te d  to  10 mg p e r  ml w ith  th e  a d d i t io n  o f  0 .15  M NaCl. 
Normal horse  gamma g lo b u l in  (NHGG) was p repared  from normal horse  
serum in  th e  same manner as d e sc r ib e d  f o r  HARTS.
The p u r i t y  o f  ATGG and NHGG was assayed  by th e  immunno- 
e le c t r o p h o r e s i s  method as d e sc r ib e d  by Arnold (1975). The r e s u l t s  
in d ic a te d  t h a t  th e  IgG f r a c t i o n s  a r e  r e l a t i v e l y  f r e e  o f  con tam inating  
serum p ro te in s  as  only one s in g l e  band was p re s e n t  in  th e  immun-
e le c t ro p h o re s e d  sample when r e a c te d  w ith  an t i-w h o !e -h o rse -se ru m  
prepared  1n r a b b i t s .
Figure  1. The experim enta l des ig n  f o r  th e  
s tu d ie s  o f  th e  e f f e c t  o f  the 
ATGG-treatment on th e  a n t ig e n ic  
co m petit ion -induced  su p p ress io n  o f  
the  anti-DNP response .
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S D S - P A G E
INTRODUCTION
I t  has g e n e ra l ly  been accep ted  t h a t  thym us-derived  c e l l s  
(T c e l l s )  p lay  d i f f e r e n t  r o le s  in  th e  hom eosta tic  r e g u la t io n  o f  
immune responses  (Reviewed in  ( 1 ) ) .  In a d d i t io n  to  th e  w ell e s ­
ta b l i s h e d  h e lp e r  f u n c t io n s ,  a v a s t  body o f  in fo rm atio n s  has a lso  
po in ted  to  a c t iv e  su p p re s so r  mechanisms on both T-dependent and T- 
independent a n t ig e n s  m ediated by su p p re sso r  T c e l l s  ( 2 -6 ) .  In mice, 
su p p resso r  T c e l l s  have been shown to  be a d i s t i n c t  p o p u la t io n  from 
a m p l i f i e r  T c e l l s  and to  d i f f e r  s i g n i f i c a n t l y  w ith  r e s p e c t  to  types 
o f  s u r fa c e  a n t ig e n s  p r e s e n t ,  t i s s u e  d i s t r i b u t i o n ,  r a d i o s e n s i t i v i t y  
and access  to  ALS ( 7 - 9 ) .  In a d i f f e r e n t  system , th e  r a b b i t ,  s tu d ie s  
w ith  a d u l t  thymectomy and ALS t re a tm e n t  have re p o r te d  an in c re a se  in  
prim ary humoral response  to  T-dependent a n t ig e n s  in  a s h o r t  term 
s tu d y  (1 0 ) .  These r e s u l t s  suggested  r a b b i t  T c e l l s  possess  an im­
p o r ta n t  r e g u la to ry  r o le  in  th e  immune re sp o n se ,  re m in isc e n t  o f  mice.
In th e  experim ents re p o r te d  h e re ,  we have u t i l i z e d  a n t ig e n ic  
co m p e t i t io n ,  which has been though t to  be mediated by su p p re s so r  T 
c e l l s  in th e  mouse system ( 11- 12) ,  as th e  system  t o  examine th e  e f fe c ts  
o f  a d u l t  thymectomy and ATGG tre a tm e n t  on th e  prim ary and secondary 
immune responses  in  the  r a b b i t  in  v iv o . We wish to  r e p o r t  t h a t  a d u l t  
thymectomy and ATGG tre a tm e n t  s h o r t ly  b e fo re  immunization w ith  T- 
dependent a n t ig e n  markedly enhanced th e  le v e l  o f  humoral an tibody  
s n y th e s ls  and r e l i e v e d  th e  unresponsive  s t a t e  seen in  a n t ig e n ic  com­
p e t i t i o n  between h e te ro lo g o u s  c a r r i e r s .
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MATERIALS AND METHODS
Animals: E igh t to  ten  week o ld  male and female New Zealand White
r a b b i t s  weighing, between 1500 and 1800 g were used throughout 
t h i s  s tu d y .  The anim als were o b ta in e d  from a colony m ainta ined  
by o u r  l a b o ra to ry .  Experimental groups were comprised o f  a t  
l e a s t  4 r a b b i t s .
A ntigens: The a n t ig e n s  used were ovalbumin (OVA), Bovine gamma­
g lo b u l in  (BGG), Bovine serum albumin (BSA), and Keyhole lim pet 
hemocyanln (KLH). These a n t ig e n s  were d in i t ro p h e n y la te d  acco rd ­
ing to  th e  method o f  Eisen (1 3 ) .
R abbit Immunization: The immunization schedu le  o f  Katz e t  al (14) was
employed. For prim ary im m unization, r a b b i t s  were i n j e c t e d  I n t r a ­
venously v ia  th e  m arginal e a r  vein  w ith  3 .0  mg o f  DNPg-OVA d a i ly  
f o r  th re e  su c c e ss iv e  days. One week l a t e r ,  a supplem ental im­
m unization w ith  50 ug o f  BGG o r  50 ug each o f  BGG and KLH was 
I n je c te d  subcu taneously .  Five weeks a f t e r  th e  primary immuni­
z a t io n ,  5 mg o f  DNPg-OVA o r  DNP2g-BGG in  s a l i n e ,  were in je c te d  
1 n tra p e r1 to n e a l ly  ( th e  secondary im m unization). M od if ica tion  
o f  th e  immunization p ro toco l w i l l  be d e sc r ib e d  in  th e  r e s u l t s  
s e c t io n .
Horse a n t1 - ra b b 1 t  thymocyte gamma g lo b u l in  (HATGG): A Welsh pony was 
In je c te d  f o r  th re e  s u c c e ss iv e  weeks w ith  3 x 1 0 ^  r a b b i t  thymocytes 
suspended in  50 ml Hanks ba lanced  s a l t  s o lu t io n  HBSS accord ing  to
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th e  method o f  DeLaNove e t  a l  (1 5 ) .  The pony was t e s t  b led  2 o r  
3 weeks a f t e r  th e  l a s t  I n je c t io n  o f  thymocytes and exsangu ina ted  
on th e  f i f t h  week. The IgG f r a c t i o n  (HATGG) was s e p a ra te d  from 
elsew here  (1 6 ) .  The HATGG f r a c t i o n s  were a d ju s te d  to  10 mg p ro ­
t e i n  p e r  ml w ith  phosphate  b u f f e r  (PB) and c y to to x ic  in d ic e s  were 
done w ith  t h i s  p re p a ra t io n  by th e  due ex c lu s io n  method as d es ­
c r ib e d  by DeLaNova e t  a l  (1 5 ) .  Normal horse  gamma g lo b u l in  (NHGG) 
was o b ta in ed  from non-1mmune ho rse  serum in  th e  same manner as  
d e sc r ib e d  f o r  HATGG. Experimental r a b b i t s  r e c e iv e d  in travanenous  
i n f a c t io n s  o f  HATGG o r  NHGG in  30 mg doses .
Thymectoniy: Young a d u l t  r a b b i t s  from s e le c t e d  U t t e r s  a t  1 kg body
w eigh t were thymectomized under a n e th e s ia  w ith  p e n to b a r b i ta l .  The 
thymus was removed 1n to t o  through a median s terno tom y. Thy- 
mectomlzed r a b b i t s  were allow ed to  conva lesce  a t  l e a s t  7 days 
p r i o r  to  f u r t h e r  experim enta l m an ip u la t io n .
A dsorp tion  o f  HATGG: Nlnty mg o f  HATGG in  approx im ate ly  3 ml PB was 
adsorbed  th re e  tim es w ith  0 .4  ml v ia b le  r a b b i t  thymocytes 
(approx im ate ly  9 x 10® thym ocytes) . Each a d so rp t io n  s te p  was 
c a r r i e d  o u t  in  a 37° C w ate r  ba th  f o r  30 m inutes.
Immunoabsorbents: G lobu lin  f r a c t i o n s  o f  normal r a b b i t  s e ra  were 
coupled to  CNBR a c t i v i a t e d  Sepharose 4B by mixing th e  a c t iv a te d  
beads w ith  th e  d ia ly z e d  g lo b u l in  f r a c t i o n  in  coupling  b u f f e r  f o r  
24 hours a t  4° C. A f te r  th e  coup ling  p rocedure ,  t h e  beads were 
washed e x te n s iv e ly  w ith  PBS u n t i l  no p r o te in  could  be d e te c te d  
in  th e  e l u a t e s .  The inmunoabsorbent columns were p rep ared  by
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packing r e q u ire d  q u a n t i t i e s  o f  beads In to  b a r re l  I s  o f  5 ml 
s y r in g e s .  HATGG a p p r o p r ia te ly  d i l u t e d  in  PBS was a p p l ie d  to  th e  
column, r e a c te d  a t  4° C f o r  3 hours and then e lu te d  w ith  PBS. The 
HATGG e lu a te s  were then  In je c te d  in to  th e  experim ental r a b b i t s  
In  30 mg doses.
Anti-DNP an tib o d y  a s sa y :  Sera were c o l l e c t e d  from experim ental anim­
a l s  a t  various  i n t e r v a l s  as d e sc r ib e d  1n th e  r e s u l t  s e c t io n s .  
Ant1-DNP t i t e r s  were done by th e  s ta n d a rd  PHA m i c r o t i t e r  t e c h ­
nique using  DNPg-j-BSA con juga ted  sheep  red  blood c e l l s  (SRBC) as 
t e s t  a n t ig e n s .  DNP21-BSA was con juga ted  to  SRBC by th e  chromium 
c h lo r id e  method d e sc r ib e d  elsew here  (1 7 ) .
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RESULTS
General C o n s id e ra tio n s
P re lim in a ry  experim ents  were performed to  determ ine the  
optim al c o n c e n tra t io n  o f  a n t ig e n ,  DNP-OVA, re q u ire d  to  produce a 
d e te c ta b le  ant1-DNP prim ary  immune response .  F igure  3 d e t a i l s  th e  
prim ary Immune response  in  vivo f o r  fo u r  d i f f e r e n t  groups o f  r a b b i t s  
which had re c e iv e d  3 mg, 5 mg, 10 mg, 20 mg o f  DNP-OVA re s p e c t iv e ly  
f o r  3 co n secu tiv e  days. As shown in  th e  f ig u r e ,  3 mg o f  DNP-OVA 
ad m in is te red  f o r  3 co n secu tiv e  days was a sub-optim al dosage 1n t h a t  
no d e te c ta b le  hamoral an t ib o d y  was d e te c te d  by th e  PHA method through 
21 days post1mmun1zat1on. Antigen doses o f  5 ,  10 o r  20 mg o f  DNP-OVA 
f o r  3 co n secu tiv e  days produced s i g n i f i c a n t  an tib o d y  responses  by th e  
15th day. We s e le c te d  f o r  subsequent exper im en ts ,  10 mg o f  DNP-OVA 
(3x) a s  th e  optimal dose f o r  prim ary Inm unization and 3 mg o f  DNP-OVA 
(3x) f o r  th e  sub-optim al dose f o r  prim ary  immunization o f  r a b b i t s  in 
v iv o .
E f fe c ts  o f  ATGG tre a tm e n t  o r  a d u l t  thymectomy on th e  anti-DNP re sp o n se .
In th e se  ex p er im en ts ,  th e  e f f e c t  o f  ATGG tre a tm e n t  o r  a d u l t  
thymectomy on th e  s h o r t  term anti-DNP prim ary responses  was I n v e s t i ­
g a te d .  F igure  4 shows th e  a n t i  DNP responses  f o r  4 groups o f  r a b b i t s  
I n je c te d  w ith  d i f f e r e n t  regimens o f  ATGG. The f i r s t  group re c e iv e d  
3 i n j e c t i o n s  o f  15 mg HATGG, th e  second group rece iv ed  3 I n je c t io n s  o f
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F igure  3. Ant1-DNP prim ary  an tibody  response  f o r
r a b b i t s  Immunized w ith  3 , 5 ,  10, o r  20 mg 
o f  DNP-OVA f o r  3 c o n secu tiv e  days. Each 
curve r e p re s e n ts  th e  mean a g g lu t in a t io n  
t i t e r  f o r  a t  l e a s t  4 anim als a t  each day 
o f  b le e d in g .
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F igure  4 .  Ant1-DNP prim ary an tib o d y  response  f o r  
r a b b i t s  immunized w ith  3 mg DNP-OVA f o r  
th re e  co n secu tiv e  days (Suboptlmal dosage) 
and t r e a t e d  w ith  ATGfi a t  a dosage o f  e i t h e r  
15, 30, o r  60 mg f o r  3 days a t  one day 
b e fo re ,  same day and one day a f t e r  t h e  f i r s t  
day o f  a n t ig e n  i n j e c t i o n .  One group o f  r a b b i t  
re c e iv e d  30 mg ATGG a t  days 6 ,  7 , and 8 a f t e r  
th e  f i r s t  a n t ig e n  i n j e c t i o n .  Each curve 
r e p re s e n ts  th e  mean a g g lu t in a t io n  t i t e r  f o r  
a t  l e a s t  4 anim als a t  each day o f  b le e d in g .
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30 mg HATGG and th e  t h i r d  group re c e iv e d  3 I n je c t io n s  o f  60 mg HATGG 
on day - 1 , 0 ,  1 o f  th e  f i r s t  a n t ig e n  I n je c t io n  w ith  th e  suboptlmal dose 
o f  DNP-OVA (3 mg, 3x). A fo u r th  grup o f  r a b b i t s  were immunized w ith  
suboptlmal dosage o f  DNP-OVA on ly  and rece iv ed  no AT3G tre a tm e n t.
As shown 1n th e  f i g u r e ,  only  th o se  r a b b i t s  which were t r e a t e d  w ith  30 
mg ATGG f o r  3 days showed a markedly enhanced prim ary response  when 
compared to  c o n tro l  r a b b i t s  which re c e iv e d  no ATGG tre a tm e n t.
The r e s u l t s  o f  th e se  experim ents  suggested  t h a t  ATGG t r e a t ­
ment may enhance th e  anti-DNP immune response  by e i t h e r  e l im in a t in g  a 
su p p resso r  a c t i v i t y  o r  augmenting h e lp e r  a c t i v i t y .  We in v e s t ig a te d  
th e se  p o s s i b i l i t i e s  f u r t h e r  by perform ing a d u l t  thymectomy which had 
been shown 1n o th e r  systems to  in c re a se  humoral responses  1n s h o r t  
term s tu d ie s  (18 , 19) . Four groups o f  young r a b b i t s ,  approx im ate ly  
seven weeks o ld ,  were thymectomized. At days 7, 14, 21, 30 days 
p o s t  thymectomy d i f f e r e n t  groups o f  r a b b i t s  were immunized w ith  th e  
suboptimal dose o f  DNP-OVA (3 mg, 3x). F igure  5 shows th e  r e s u l t s  
o f  t h i s  s tu d y .  A s i g n i f i c a n t  enhancement o f  th e  prim ary an tibody  
response  to  DNP was seen  in  th e  experim en ta l group which had been 
Immunized 30 days p o s t  thymectomy. The o th e r  3 groups o f  r a b b i t s  
showed e le v a te d  anti-DNP responses  when compared to  th e  c o n tro l  group 
bu t were s ig n i f i c a n t l y  lower than  responses  in r a b b i t s  thymectomized 
30 days p re v io u s ly .
F igure  6 summarized th e  f in d in g s  on th e  e f f e c t s  o f  ATGG 
tre a tm e n t  and a d u l t  thymectomy du rin g  th e  prim ary response  in  th e  
r a b b i t .  As shown, i f  an optimal dose o f  DNP-OVA was in j e c te d  i n to
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Figure 5. Anti-DNP prim ary an t ib o d y  response fo r  
r a b b i t s  immunized w ith  3 mg DNP-OVA f o r  
th re e  co n secu tiv e  days {suboptima1 dosage) 
a f t e r  7, 14, 21, o r  28 days p o s t  thymectomy. 
Each curve r e p re s e n ts  th e  mean a g g lu t in a t io n  
t i t e r  f o r  a t  l e a s t  4 anim als a t  each b le ed in g .
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Figure  6 . Anti-DNP prim ary an t ib o d y  response f o r  5
groups o f  r a b b i t s .  Three groups o f  r a b b i t s  
were inmunized w ith  3 mg DNP-OVA f o r  th r e e  
co n se c u t iv e  days e i t h e r  w ith  no f u r t h e r  
t re a tm e n t  (0 -  — 0 ) ,  o r  were immunized 30
days a f t e r  a d u l t  thymectomy ( ------------  ) ,  o r
t r e a t e d  w ith  30 mg ATGG f o r  3 days a t  one 
day b e fo re ,  same day, o r  one day a f t e r  th e
f i r s t  a n t ig e n  in j e c t i o n  ( ------------  ) .  Two
o th e r  groups o f  r a b b i t s  were immunized w ith  
10 mg DNP-OVA f o r  3 c o n secu tiv e  days (optimal 
dosage) e i t h e r  w ith  no f u r t h e r  t re a tm e n t
(0--------- 0) o r  were t r e a t e d  w ith  30 mg ATGG
f o r  3 co n secu tiv e  days w ith  th e  same schedule  
as mentioned above. Each curve  r e p re s e n ts  th e  
mean a g g lu t in a t io n  t i t e r  f o r  6-8  anim als a t  
each day o f  b le e d in g .
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r a b b i t s  subsequen tly  t r e a t e d  w ith  30 mg ATGG, they  showed no enhanced 
anti-DNP t i t e r  and was v i r t u a l l y  t h e  same as th e  experim ental groups 
which had re c e iv e d  an optim al dose o f  DNP-OVA a lo n e .
E f fe c ts  o f  ATGG tre a tm e n t  and a d u l t  thymectomy on th e  secondary immune, 
responses
A ntigen-induced  su p p ress io n  (ATS), as seen 1n th e  phenomenon 
a n t ig e n ic  co m p e t i t io n ,  has been suggested  to  be a T -su p p resso r  c e l l  
mediated e v e n t .  T h e re fo re ,  i f  a d u l t  thymectomy o r  ATGG tre a tm e n t  
i n t e r f e r e  w ith  T -su p p resso r  c e l l  a c t i o n ,  th e  phenomenon AIS could be 
r e l ie v e d  by such t re a tm e n t .
Four experim ental groups were used in  t h i s  experim ent.
Group 1 c o n s is te d  o f  anim als which were primed w ith  suboptlmal doses 
o f  DNP-OVA (3 mg, 3x) and f iv e  weeks l a t e r ,  they  re c e iv e d  an i n t r a -  
p e r i  toneal i n j e c t i o n  o f  5 mg o f  homologous a n t ig e n ,  DNP-OVA (secondary  
im m unization). The r e s u l t s  shown on F igure  7 dem onstrated  a v igorous 
secondary  response  to  th e  hapten  DNP. The anti-DNP response  in  t h i s  
experim ent se rved  as c o n tro l  f o r  l a t e r  experim en ts .
The n e x t  two groups o f  r a b b i t s  were used to  dem onstra te  th e  
c a r r i e r  e f f e c t .  One group was immunized w ith  suboptimal dosage o f  
DNP-OVA and 5 weeks l a t e r  re c e iv e d  5 mg o f  he te ro logous  a n t ig e n  DNP- 
BGG i n t r a p e r l t o n e a ly .  The o th e r  group was immunized w ith  th e  same 
regimen as  th e  p rev ious  group ex cep t  they  were supp lem enta lly  im­
munized w ith  50 ug o f  th e  c a r r i e r  BGG 1n F reund 's  complete ad ju v a n t  
by an In tram u scu la r  I n je c t io n  a t  day 7. The l a t t e r  group o f  r a b b i t s
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Figure  7. Anti-DNP prim ary  and secondary  an t ib o d y  
response  f o r  r a b b i t s  r e c e iv e d  prim ary 
immunization w ith  3 mg DNP-OVA f o r  3 
c o n secu tiv e  days and re c e iv e d  secondary
in j e c t i o n  w ith  5 mg DNP-OVA ( •  I )
o r  5 mg DNP-BGG (0----------0) ip  on day-35
a f t e r  th e  f i r s t  a n t ig e n  i n j e c t i o n .  Each 
curve r e p re s e n ts  th e  mean a g g lu t in a t io n  
t i t e r  f o r  6-8  anim als a t  each day o f  b le e d in g .
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produced s i g n i f i c a n t  le v e ls  o f  anti-DNP du rin g  th e  secondary response  
a f t e r  they  were immunized w ith  DNP-BG6 (F ig u re  8 ) .
A ntigen-Induced su p p ress io n  was achieved when anim als were 
Immunized w ith  suboptlm al dosage o f  DNP-OVA (3 mg, 3x) and a t  day 7 
re c e iv e d  50 ug each o f  th e  h e te ro lo g o u s  c a r r i e r s  BGG and KLH in 
F reund 's  complete ad ju v an t In tra m u sc u la r ly  and f iv e  weeks l a t e r ,  they 
rece iv ed  a  secondary  immunization w ith  5 mg DNP-BGG i n t r a p e r i t o n e a l l y .  
The secondary anti-DNP an tib o d y  response  produced was a t  the  same 
lev e l  as th e  group t h a t  had rece iv ed  no supplemental immunization 
w ith  th e  c a r r i e r  (F ig u re  6 ) .
In an a t tem p t to  a l l e v i a t e  th e  a n t ig en - in d u c ed  suppress ion  
as seen in  th e  previous experim en t, one group o f  r a b b i t s  was t r e a t e d  
w ith  30 mg ATGG a t  day 6 ,  7 ,8  su rround ing  th e  supplemental c a r r i e r  
i n j e c t i o n  a f t e r  primary iirm unization w ith  suboptimal dosage o f  DNP-OVA. 
This ATGG in j e c t i o n  dosage was s e le c te d  s in c e  i t  had provoked th e  g reat­
e s t  e le v a t io n  o f  prim ary anti-DNP a c t i v i t y  (as  seen in  F igure  4 ) .  
Control groups immunized in  an id e n t i c a l  manner were t r e a t e d  a t  days 
6 ,  7, 8 w ith  ATGG absorbed w ith  r a b b i t  thym ocytes, normal horse  gamma 
g lo b u l in  o r  ATGG absorbed w ith  r a b b i t  Ig on an immunoabsorbent column. 
The r e s u l t i n g  secondary anti-DNP responses  a r e  shown in  F igures  9 and 
10, an t ig en - in d u c ed  su p p ress io n  was ab ro g a ted  in  those  experim ental 
groups o f  r a b b i t s  t r e a t e d  w ith  ATGG o r  ATGG absorbed w ith  r a b b i t  Ig .
No secondary anti-DNP responses  were observed in  those  experim ental 
groups t r e a t e d  w ith  normal horse  gamma g lo b u l in  o r  ATGG absorbed w ith  
r a b b i t  thymocytes. I n t e r e s t i n g ly ,  th e  prim ary anti-DNP response which
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F igure  8. Anti-DNP prim ary  and secondary an tib o d y  
response  f o r  r a b b i t s  immunized w ith  3 mg 
DNP-OVA f o r  3 co n secu tiv e  days and re c e iv e d
no f r e e  c a r r i e r  (a  £ ) ,  o r  supp lem en ta lly
immunized w ith  f r e e  c a r r i e r ,  50 ug BGG
( • -----------• ) ,  o r  50 ug KLH in  FCA (0 ---------- 0)
s c ;  and immunized w ith  5 mg DNP-BGG o r  5 mg 
DNP-KLH i p .  Each curve  r e p re s e n ts  th e  mean 
a g g lu t in a t io n  t i t e r  f o r  4-8  anim als a t  each 
day o f  b le e d in g .
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Figure 9. Anti-DNP primary and secondary an tibody  
response f o r  r a b b i t s  primed w ith  3 mg 
DNP-OVA f o r  3 c o n secu tiv e  days, and rece iv ed
no f r e e  c a r r i e r  (a ----------- £ ) ,  o r  supp lem en ta lly
inmuni zed w ith  50 ug each o f  BGG+KLH in  FCA 
a t  day 7 and re c e iv e d  e i t h e r  no ATGG tre a tm e n t
(0-----------0 ) ,  o r  30 mg ATGG a t  days 6 ,  7 and 8
( I -----------1 ) j Vj o r  30 mg ATGG, which had been
adsorbed w ith  r a b b i t  thymocytes, a t  days 6 ,  7
and 8 iv .  (a —  a ) All r a b b i t s  were then 
immunized w ith  5 mg DNP-BGG ip  on day 35 a f t e r  
the  f i r s t  a n t ig e n  I n je c t io n .  Each curve  r e ­
p re se n ts  th e  mean a g g lu t in a t io n  t i t e r  f o r  4-6 
anim als a t  each day o f  b le ed in g .
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Figure  10. Anti-DNP prim ary  and secondary  an tibody  
response  f o r  4 groups o f  r a b b i t s  w ith  
v a r io u s  t re a tm e n ts  and primed w ith  3 mg 
DNP-OVA f o r  3 c o n secu tiv e  days. Rabbits  
were e i t h e r  t r e a t e d  w ith  30 mg ATGG, which 
had been absorbed w ith  rab b 1 t-Ig -se p h a ro se -4 B ,
on days 6 , 7 and 8 (0-----------0 ) ,  o r  30 mg
normal ho rse  gamma g lo b u l in  on days 6 ,  7 and
8 (A o r  were thymectomi zed 30 days
b e fo re  th e  f i r s t  a n t ig e n  in j e c t io n  ( • -----------• ) ,
o r  were thymectomized as b e fo re  and t r e a t e d  with 
ATGG on days 6 ,  7, and 8 a f t e r  th e  f i r s t  an­
t ig e n  I n je c t io n  (A----------- * ) •  All anim als r e ­
ce ived  supplem ental immunization w ith  50 ug 
each o f  BGG+KLH in  FCA 1m as f r e e  c a r r i e r  a t  
day 7 and in j e c t e d  w ith  5 mg DNP-BGG ip  as 
t h e  secondary  immunization a t  day 35. Each 
curve r e p re s e n ts  th e  mean a g g lu t in a t io n  t i t e r  
f o r  4 anim als a t  each day o f  b le e d in g .
FREE CA RRIER TREATM ENT 
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I s  n e g l ig ib le  o r  a b se n t  when r a b b i t s  a r e  Immunized w ith  suboptlmal 
doses o f  DNP-OVA was a l s o  enhanced 1n th e  f i r s t  two groups su g g es t in g  
t h a t  t re a tm e n t  w ith  ATGG as l a t e  as days 6 , 7 and 8 a f t e r  i n i t i a l  
Immunization could  1n some manner enhance th e  prim ary  re sp o n se .
Also shown in  F igure  10 a r e  th e  secondary ant1-DNP an tibody  
le v e l s  f o r  young r a b b i t s  which were thymectomized 30 days b e fo re  they 
re c e iv e d  th e  same immunization schedu le  as th e  p rev ious  groups. 
A ntigen-induced su p p ress io n  was no t observed  as e v id e n t  by th e  s i g n i f ­
i c a n t  secondary anti-DNP re sp o n ses .
E f f e c t  o f  a d u l t  thymectomy p lu s  ATGG tre a tm e n t  on th e  prim­
a ry  and secondary  anti-DNP immune re s p o n s e s . The i n t e n t  o f  t h i s  ex­
perim ent was to  i n v e s t i g a t e  th e  e f f e c t ,  in  any , t h a t  t re a tm e n t  w ith  
ATGG might have on th e  anti-DNP response  in  r a b b i t s  thymectomized 
30 days b e fo re .  The anim als were immunized w ith  3 mg o f  DNP-OVA f o r  
3 co n secu tiv e  day s ,  as in  p rev ious  a n t ig e n ic  co m p eti t io n  experim en ts .  
ATGG was I n je c te d  in to  th ese  anim als a t  days 6 , 7 and 8 iv  and th e  
f r e e  c a r r i e r  BGG+KLH were I n je c te d  sc  a t  day 7. Secondary immuniz­
a t io n  w ith  5 mg DNP-BGG 1p was c a r r i e d  o u t  35 days a f t e r  th e  primary 
immunization. T i t e r s  (ant1-DNP response) were assayed  and th e  r e s u l t s  
a r e  shown in  F igure 10. The r e s u l t s  a r e  unexpected s in c e  t re a tm e n t  
w ith  ATGG in  thymectomized r a b b i t s  d im in ished  th e  enhanced primary 
and secondary anti-DNP response  which occurs  in  anim als which a r e  
thymectomized o n ly .  The ant1-DNP t i t e r s  were re m in is c e n t  to  th o se  
seen in  anim als undergoing a n t ig e n ic  co m p e ti t io n .  I t  may be p o s s ib le
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t h a t  ATGG tre a tm e n t  o f  thymectomized r a b b i t s  d e p le te s  a h e lp e r  T 
c e l l  p o p u la t io n  and th e r e f o r e  momory i s  severed  o r  l im i te d .  This 
o b s e rv a t io n ,  when coupled w ith  th e  r e s u l t s  seen in  those  experim ents 
where r a b b i t s  were t r e a t e d  w ith  60 mg ATGG and showed d im in ished  
prim ary  anti-DNP re sp o n se s ,  suggested  t h a t  ATGG may e x e r t  a p r e f e r ­
e n t i a l  e f f e c t  on a p o p u la t io n  o f  T c e l l s  which e x e r t  a r e g u la to ry  
su p p re ss iv e  fu n c t io n .  However, in  th e  absence o f  th e se  c e l l s ,  de­
p le te d  by a d u l t  thymectomy. ATGG tre a tm e n t may d e p le te  h e lp e r  T c e l l s  
which a re  n ecessa ry  to  co o p era te  w ith  macrophages and B c e l l s  to  
mount a T c e l l -d e p e n d e n t  inrnune resp o n ses .
DISCUSSION
A dult Thymectomy in  th e  mouse has been r e p o r te d  t o ;  1) r e ­
s u l t  1n th e  In c re a se  o f  th e  g en e ra t io n  o f  c y to to x ic  T - c e l l s  c u l tu re d  
from th e se  anim als in  v i t r o  (2 0 ) ,  2) enhance an tibody  responses  in  
v ivo to  thym us-independent a n t ig e n s  (2 1 ) ,  3) in c re a se  h e lp e r  c e l l  
a c t i v i t y  in  response  to  TNP-SRBC c h a l le n g e  (1 8 ) ,  4) d ecrease  th e  
I n d u c i b i l l t y  o f  some forms o f  to le ra n c e  ( 2 2 ) ,  5) r e s u l t  in  th e  a b la ­
t io n  o f  th e  thymic su p p re sso r  c e l l  response  induced by i n j e c t io n  o f  
Complete Freunds Adjuvant (2 3 ) ,  and 6) d e p le te  Ly 123+ c e l l s  by 5035 
in  th e  sp leen s  o f  thymectomized mice (2 4 ) .  These f in d in g s  su g g es t  
t h a t  a s h o r t - l i v e d  thym us-derived  lymphocyte which possess  a r e g u la ­
to r y  su p p re sso r  fu n c t io n  1s d e p le te d  from th e  p e r ip h e ra l  t i s s u e  which 
c u r t a i l s  i n f l a t e d  immunological responses  under a v a r i e ty  o f  cond i­
t io n s  and 1n a v a r i e t y  o f  system s. In th e  r a b b i t  system , Tada e t  a l  
(10) have re p o r te d  t h a t  a d u l t  thymectomy produced an In c re a se  in  
th e  prim ary an tib o d y  response  to  T-dependent a n t ig e n  and th e  a n t i ­
body e x h ib i te d  an in c re a se d  a v i d i t y  1n b ind ing  a n t ig e n .
We r e p o r t  t h a t  a d u l t  thymectomy in  t h e  r a b b i t  performed 30 
days p r i o r  to  experim enta l Immunization w i l l  r e s u l t  in  enhanced a n t i ­
body p roduc tion  a g a in s t  th e  hapen DNP when th e  animal i s  immunized 
w ith  suboptlm al doses o f  a n t ig e n  (doses t h a t  do no t provoke a p p re c i ­
a b le  l e v e l s  o f  an t ib o d y  1n non-thymectomized a n im a ls .)  A s im i la r  
o b se rv a t io n  was made f o r  r a b b i t s  t r e a t e d  w ith  ho rse  a n t i - r a b b i t
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thymocyte gamma g lo b u l in  and Immunized a t  th e  same w ith  suboptlmal 
doses o f  DNP-OVA. I t  1s th u s  tem pting  to  hypo thesize  t h a t  th y ­
mectomy r e s u l t s  1n th e  d e p le t io n  from p e r ip h e ra l  t i s s u e  o f  a s h o r t ­
l iv e d  thymus c e l l  w ith  r e g u la to ry  fu n c t io n  o r  e l im in a te s  th e  sou rce  
o f  an inducer  which has a p e r ip h e ra l  e f f e c t  on th e  m atu ra tio n  o f  
r e g u la to ry  c e l l s .  Horse a n t i - r a b b i t  thymocyte gamma g lo b u l in  t r e a t ­
ment might be a c t in g  upon th e  same r e g u la to ry  c e l l s  a f t e r  they  have 
p e r ip h e r a l l z e d ,  and n e u t r a l i z e  t h e i r  su p p re s s iv e  r e g u la to ry  e f f e c t  
upon being  co n fro n ted  w ith  a n t ig e n  which r e s u l t s  in  enhanced r e ­
sponses to  sub-optim al a n t ig e n  doses . Treatm ents o f  r a b b i t s  w ith  
HATGG which were Immunized w ith  op tim al DNP-OVA doses  (10 mg) does 
no t  enhance th e  anti-DNP re sp o n se ,  which a l s o  su g g es ts  t h a t  th e  
r e g u la to ry  fu n c t io n  i s  t r ig g e r e d  by lower doses o f  a n t ig e n  than  a r e  
necessa ry  t o  provoke "h e lp e r"  fu n c t io n  to  promote appearance o f  de­
t e c t a b l e  c i r c u l a t i n g  a n t ib o d y ,  s in c e  thymectomy o r  HATGG tre a tm e n t  
r e s u l t  in  d e te c ta b le  an t ib o d y  resp o n ses  to  norm ally  suboptim al a n t ig e n  
d o s e s .
Since T -su p p resso r  c e l l s  a r e  though t to  m ediate  o r  r e g u la te  
th e  dep ressed  an tib o d y  responses  observed  du rin g  a n t ig e n ic  com peti­
t i o n ,  we u t i l i z e d  ATGG in  such a system  in  an a t te m p t  to  a l l e v i a t e  
t h i s  phenomenon. Rabbits  primed w ith  sub-optim al doses o f  DNP-OVA 
would produce a v igorous secondary anti-DNP response  5 weeks l a t e r  
when Immunized w ith  DNP-BGG I f  they  had been in j e c t e d  w ith  c a r r i e r  
(BGG) 4 weeks p r io r  to  t h e  second im m unization. I f  t h e  r a b b i t s  were 
in je c te d  w ith  a competing h e te ro lo g o u s  c a r r i e r ,  KLH, a t  th e  same time
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they  were g iven  BGG, then  th e  secondary  an tib o d y  response  to  DNP upon 
Immunization with DNP-BGG was no b e t t e r  than  c o n tro l  primary responses  
( a n t ig e n ic  c o m p e t i t io n ) .  When ATGG was ad m in is te re d  a t  th e  same time 
t h a t  th e  competing c a r r i e r s  were i n j e c t e d ,  a n t ig e n ic  c o m p e ti t io n  was 
e l im in a te d  and v igorous  secondary  ant1-DNP an tib o d y  response  was seen 
upon Immunization w ith  DNP-BGG. N e ith e r  normal ho rse  gamma g lo b u l in  
n or ATGG absorbed w ith  thymocytes would a l l e v i a t e  a n t ig e n ic  com petition , 
however ATGG absorbed  w ith  r a b b i t  Immunoglobulin would. In a d d i t io n  
r a b b i t s  thymectomized 30 days p r i o r  to  experim ental m an ipu la tion  did 
n o t  show a n t ig e n ic  co m p e ti t io n .  Thus, I t  ag a in  appeared t h a t  ATGG 
tre a tm e n t  and s h o r t  term a d u l t  thymectomy both  a c te d  upon a regu ­
l a t o r y  c e l l  which 1s o p e ra t iv e  during  a n t ig e n ic  co m p e ti t io n .
The HATGG was r a i s e d  1n a h o rse  through immunization w ith  
r a b b i t  thymus c e l l s ,  t h e  g r e a t  m a jo r i ty  o f  which were probably Immature 
thymocytes. Many in v e s t i g a to r s  have re p o r te d  t h a t  I n  v ivo  adm inis­
t r a t i o n  o f  ALS o r  ATS In to  th e  mouse suppressed  th e  humoral response  
to  subsequent I n je c t io n s  o f  SRBC and o th e r  T-dependent a n t ig e n s  (2 5 ) .
In s im i l a r  s tu d ie s  o th e rs  hatve r e p o r te d  t re a tm e n ts  o f  an im als  w ith  ALS 
had l i t t l e  e f f e c t  on th e  magnitude o f  th e  humoral response  to  T- 
dependent a n t ig e n s  (2 6 ) .  These v a r ie d  r e s u l t s  p robably  r e f l e c t  a 
v a r i a t io n  1n th e  s p e c i f i c i t y  o f  th e  a n t i - s e r a  p re p a ra t io n s  which may 
have been provoked by th e  com position  o f  th e  lymphoid c e l l  su spens ions  
used to  Immunize th e  p roducer.  Bullock e t  a l  (27) r e c e n t ly  suggested  
t h a t  th e  s p le n ic  Ly 123+ lymphocytes 1n th e  mouse 1s b i - d i r e c t i o n a l  
1n t h a t  t h i s  c e l l  popu la tion  can become h e lp e r  o r  r e g u la to ry  in  func-
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t1on . I t  1s prem ature to  propose th e  e x is te n c e  o f  such a c e l l  f o r  th e  
r a b b i t  and thus  p r e d i c t  o r  hypo thesize  th e  o r ig in s  o f  h e lp e r  and 
su p p resso r  fu n c t io n  f o r  th e  thymus d e r iv ed  c e l l  1n th e  r a b b i t .
F r a d e l iz i  e t  al^ (28) have a ttem p ted  to  i d e n t i f y  a c e l l  
marker f o r  r a b b i t  T c e l l s  and compared th e  sed im en ta tion  p r o p e r t i e s  
o f  marker c a r ry in g  c e l l s  w ith  those  o f  c e l l s  c a r ry in g  Immunoglobulin 
m arkers. L ikew ise, Navran and Archer (29) r e c e n t ly  re p o r te d  th e  i s ­
o la t i o n  o f  a r a b b i t  T-lymphocyte s p e c i f i c  a n t ig e n .  They found t h a t  th e  
p u r i f i e d  T c e l l  a n t ig e n  has a m olecu lar  w eight o f  approx im ate ly  12,000 
and c o n ta in s  2.5% ca rb o h y d ra te .  However, th e se  s tu d ie s  have n o t  
a s s o c ia te d  th e  a n t ig e n  markers to  a f u n c t io n a l ly  d i s t i n c t  p o pu la tion  
o f  T c e l l s ,  be 1 t  a m p l i f i e r  o r  r e g u la to ry  such as  have been i d e n t i f i e d  
1n th e  mouse system. S ince lymphocytic markers f o r  th e  r a b b i t  a r e  no t 
y e t  c l e a r l y  d e f in e d ,  a s i t u a t i o n  h indered  by th e  lack  o f  inb red  ra b ­
b i t s  a v a i l a b l e  in  reasonab ly  la rg e  numbers, i t  i s  t h e r e fo r e  no t pos­
s i b l e  a t  t h i s  tim e to  I d e n t i f y  th e  p o p u la t io n  o r  subpopu la tion  o f  
lymphocyte which i s  d e p le ted  by thymectomy o r  i n a c t i v a t e d / a c t i v a t e d  
by ATGG t re a tm e n t .  We su g g e s t  t h a t  i t  would ap pear  t h a t  th e  regu­
l a t o r y  c e l l s  r e t a i n  some o f  th e  membrane a n t ig e n s  a cq u ired  du ring  th y ­
mic re s id e n c e  which accoun t f o r  th e  a c t io n  o f  ATGG on r e g u la to ry  i n t e r ­
fe re n c e ;  however, a p o s i t i v e  a c t io n  being d i r e c te d  toward a h e lp e r  c e l l  
fu n c t io n  o r  e f f e c t  on th e  macrophage o r  bone marrow derived  c e l l  could  
n o t  be d isco u n ted .  C u r re n t ly ,  a t tem p ts  to  produce a n t i s e r a  a g a in s t  
s p e c i f i c  markers f o r  s tu d ie s  o f  r e g u la to ry  and a m p l i f ie r  T-lymphocytes 
a r e  1n progess 1n our  la b o ra to ry .
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E f fe c t  o f  Goat a n t i - r a b b i t  thymocyte IgG (GATGG) on the  
prim ary  Immune responses  to  DNP-OVA. In our p rev ious  s tu d i e s ,  ATGG 
was produced from horse  and we were I n te r e s t e d  to  f iv e s t1 g a te  p o s s ib i ­
l i t i e s  t h a t  ATGG could a l s o  be produced 1n o th e r  animal s p e c ie s .
Thus th e  a b i l i t y  o f  ATGG t h a t  were produced in  goat to  enhance th e  
prim ary Inmune response  to  sub-opt1mal dosage (3 mg) o f  DNP-OVA was 
in v e s t ig a t e d .  Three groups o f  r a b b i t s  each rece iv ed  th e  same dosage 
regimen (15, 30, o r  60 mg th re e  tim es) as t h a t  used f o r  HATGG i n ­
j e c t i o n  and then  th e y  were immunized w ith  3 mg DNP-OVA f o r  3 con­
s e c u t iv e  days .  The ATGG from g o a t  was s ta n d a rd iz e d  w ith  HATGG to  th e  
same c y to to x ic  Index b e fo re  I n je c t io n  to  r a b b i t s  1n o rd e r  to  ach ieve  
a meaningful com paris lon . The r e s u l t s  o f  th e se  experim ents  were 
d lp lc t e d  on F igure  11. Under th e se  c o n d i t io n s ,  optim al dosage o f  
GATGG f o r  maximal enhancement was found to  be 30 mg o f  GATGG. Sur­
p r i s i n g l y ,  t h i s  dosage corresponds to  th e  dose o f  HATGG. Thus ATGG 
could be e f f e c t i v e l y  produced both  in  ho rse  and g o a t  f o r  th e  en­
hancement o f  th e  prim ary  Inmune response to  suboptlmal doses o f  
DNP-OVA.
E f fe c t  o f  normal thvmocvte in fu s io n s  In to  thymectomized 
r a b b i t  on th e  anti-DNP an tibody  re sp o n se . The o b se rv a t io n  t h a t  a d u l t  
thymectomy in  th e  r a b b i t  enhanced th e  prim ary anti-DNP response  and 
would a l l e v i a t e  a n t ig e n ic  com petition  le d  us to  in v e s t i g a t e  th e  notion 
t h a t  in fu s io n  o f  normal thymocytes from H t te r m a te s  in to  thymectomlzed
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Figure  11. Anti-DNP prim ary an tib o d y  response  f o r  
r a b b i t s  immunized w ith  3 mg DNP-OVA f o r  
3 co n secu tiv e  days and t r e a t e d  w ith  Goat a n t i  
thymocyte gamma g lo b u l in  (GATGG) a t  a dosage 
o f  e i t h e r  15, 30, o r  60 mg f o r  3 days a t  
one day b e fo re ,  same day , o r  one day a f t e r  
th e  f i r s t  a n t ig e n  i n j e c t i o n .  Each curve 
r e p re s e n ts  th e  mean a g g lu t in a t io n  t i t e r  
f o r  4 anim als a t  each day o f  b le e d in g .
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anim als could  a b o l ish  th e  enhancing e f f e c t  ( re p o p u la t lo n  o f  T sup­
p re s s o r  c e l l s ) .  Thymocytes from H t t e r m a te  (9-weeks o ld )  o f  
thymectomlzed r a b b i t s  were h a rv e s te d ,  washed and s ta n d a rd iz e d  to  
2 x 10s c e l l s / m l .  2 .5  ml o f  t h i s  c e l l  suspension  was in fu se d  in to  r e ­
c i p i e n t  anim als which had been thymectomlzed 30 days b e fo re .  At t h ’ s 
c o n c e n tra t io n  o f  thym ocytes, i t  was p o s s ib le  to  in fu s e  2 r e c i p i e n t '  
w ith  c e l l s  from a s in g l e  thymus. This dose was s e le c te d  because a 
t o t a l  o f  4 r e c ip i e n t s  were used in  t h i s  experim en t. The r e c ip i e n t s  
a f t e r  r e c e iv in g  thymus c e l l s  were Immunized w ith  3 mg DNP-OVA on 
th e  same day o f  in fu s io n  and f o r  3 co n secu tiv e  days . A n tigen ic  com­
p e t i t i o n  was induced when th e  r a b b i t s  were immunized a t  day 7 p o s t  
f i r s t  a n t ig e n  in j e c t i o n  w ith  50 ug each o f  BGG and KLH in  FCA and 
fo u r  weeks a f t e r  t h i s  supplemental in num iza tion , th e  r a b b i t s  were 
Immunized w ith  5 mg DNP-BGG ip .  The prim ary and secondary anti-DNP 
response  f o r  t h i s  experim ent a r e  shown 1n F igure  12. N e ith e r  th e  
prim ary o r  secondary ant1-DNP responses were suppressed  and i f  any­
th in g ,  they  were s l i g h t l y  enhanced when compared to  th e  thymectomized 
r a b b i t s  a lo n e .  There a r e  s e v e ra l  p o s s i b i l i t i e s  to  e x p la in  t h i s  
r e s u l t .  There a r e  r e p o r t s  f o r  th e  guinea pig  system (Armerding, 1975; 
Katz e t  a l ,  1971) t h a t  showed, in  an in vivo a n t i -h a p te n  resp o n se ,  
t h a t  th e  requ irem ent f o r  c a r r i e r  r e c o g n i t io n  can be ab rogated  by a 
concom itant g r a f t - v e r s u s - h o s t  r e a c t io n  and t h a t  th e  optimum tim e f o r  
hapten ch a llen g e  in  guinea p ig  was s ix  days a f t e r  t r a n s f e r  o f  a l l o -  
geie’l c n o n - s p e c i f i c  a c t iv a t io n  o f  B lymphocyte fu n c t io n  ( a l lo g e n e ic  
e f f e c t )  might have been r e sp o n s ib le  f o r  th e  enhanced prim ary and
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F igure  12. Anti-DNP prim ary  and secondary  an tib o d y
responses  f o r  r a b b i t s  thymectomized 30 days
b e fo re  f i r s t  a n t ig e n  i n j e c t i o n  (0 ----------- 0 ) ,
o r  thymectomized 30 days b e fo re  and in fu se d  
w ith  5 x 109 thymocytes from 9-week o ld  
l i t t e r m a t e s  a t  th e  same day o f  f i r s t  a n t ig e n
in j e c t i o n  ( I -------------1 ) .  Rabbits  were primed
w ith  3 mg DNP-OVA a t  days 0 ,  1 and 2 , 
su p p lem en ta lly  immunized w ith  50 ug each o f  
BGG+KLH im in  FA a t  day 7 and 4 wwics l a t e r  
re c e iv e d  5 mg DNP-BGG ip  as t h e  secondary 
immunization. Each curve r e p re s e n ts  th e  
mean a g g lu t in a t io n  t i t e r  f o r  4-8  r a b b i t s  
a t  each day o f  b le e d in g .
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secondary ant1-DNP response even though r e g u la to ry  c e l l s  may be p re ­
s e n t .  Furtherm ore, In an a l lo g e n e i t  system such as t h e  r a b b i t ,  i t  i s  
p o s s ib le  t h a t  th e  i n t a c t  r e g u la to ry  c e l l  could  no t e x e r t  i t s  fu n c tio n  
a c ro ss  th e  g e n e t ic  b a r r i e r ,  however th e  thymus e x t r a c t  d e sc r ib e d  in  
th e  fo llow ing  experim ent does e x e r t  i t s  e f f e c t  a c ro s s  th e  b a r r i e r ,  
t h e r e f o r e  the  p o s s i b i l i t y  o f  g e n e t ic  b a r r i e r  i s  n o t  a t t r a c t i v e .
C le a r ly  t h e  d a tas  a r e  in c o n c lu s iv e  and we a r e  ig n o ra n t  o f  th e  d e ta i l e d  
i n t e r a c t io n s  between in fu se d  thymocytes and h o s t  lymphoid c e l l s  and 
macrophages, thus  experim ents  o f  t h i s  design  were no t pursued f u r t h e r  
in  t h i s  d i r e c t i o n .
The l a s t  p a r t  of th e  d i s s e r t a t i o n  re se a rc h  was an a t tem p t 
to  d e l iv e a te  th e  a n t ig e n ic  s p e c i f i c i t i e s  o f  th e  an tibody  a c t i v i t y  
o r  a c t i v i t i e s  in  our ATGG p re p a ra t io n  r e sp o n s ib le  f o r  m edia ting  
th e  enhancing e f f e c t s  observed . There were r e p o r t s  by Tada e t  a l 
(1975) t h a t  s o lu b le  su p p re s so r  f a c to r s  e la b o ra te d  by T c e l l s  in  th e  
thymus and sp lee n  m ediated th e  prim ary and secondary  responses  and i t  
was o f  i n t e r e s t  to  i n v e s t i g a t e  i f  th e r e  a re  f a c t o r ( s )  which sup­
p re ss  th e  immune response .
S o lub le  n o n a n t ig e n - s p e c i f ic  su p p re s s iv e  a c t i v i t y  o f  thymus 
e x t r a c t . In an a t te m p t to  i n v e s t ig a t e  th e  p o s s i b i l i t y  t h a t  su p p re s so r  
T c e l l s  in  th e  thymus and sp lee n  e la b o r a te  s o lu b le  f a c to r s  in  th e  
r a b b i t  as  d e sc r ib e d  by Tada and h i s  co-workers (1975) in  th e  mouse 
system . S o lu b le  e x t r a c t s  were prepared  from sp leen  and thymus o f  
normal and immunized r a b b i t s  by th e  method d e sc r ib e d  by Taniguchi
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e t  al (1974). Donor r a b b i t s  were immunized im w ith  10 mg o f  OVA in 
FCA and 14 days l a t e r  th e  r a b b i t s  rece iv ed  a b o o s te r  i n j e c t i o n  o f  10 
mg OVA s c .  Animals were k i l l e d  2 weeks a f t e r  th e  second in j e c t i o n  and 
th e  thymus and sp leen  were removed. Normal r a b b i t s  were a l s o  k i l l e d  
and t h e i r  thymus and sp le e n  were used to  p rep a re  so lu b le  e x t r a c t s  to  
se rv e  as c o n t r o l s .  The thymus e x t r a c t s  from Immunized and normal 
r a b b i t s  were i n j e c te d  i n to  normal r e c ip i e n t s  which were subsequen tly  
inriunized w ith  th e  optim al dose o f  DNP-OVA i> 10 mg, 3 X). The a n t i -  
DNP response  was assayed and i s  shown in  F igure  13. Unexpectedly 
r a b b i t s  in j e c te d  w ith  thymus o r  sp leen  e x t r a c t s  from e i t h e r  hyper- 
immunized o r  normal donors showed suppressed  anti-DNP resp o n ses .
These r e s u l t s  were confirm ed in  th r e e  s e p a ra te  experim en ts .  Thus i t  
appeared  t h a t  s o lu b le  e x t r a c t s  from both hyperimmunized and normal 
r a b b i t s  were a b le  t o ,  in  some way, suppress  th e  anti-DNP primary 
immune re sp o n se s .  The thymus i s  known to  c o n ta in  a heterogenous c e l l  
p o p u la tio n  and i t  was o f  i n t e r e s t  to  a t tem p t to  i d e n t i f y  which c e l l s  
w ith in  th e  thymic p o p u la t io n s  a r e  re s p o n s ib le  to  c o n t r ib u t in g  th e  
su p p ress iv e  a c t i v i t y  p re se n t  in  th e  s o lu b le  e x t r a c t .  O bservations  
from se v e ra l  l a b o r a to r i e s  in d ic a te  t h a t  c o r t i c o s t e r o id s  such as 
h y d ro -c o r t iso n e  a c e t a t e  e x e r t  a c y to to x ic  e f f e c t  on th e  m a jo r i ty  o f 
thymus c e l l s  ( T - l ,  immature c e l l s )  and t h a t  th e  re s id u a l  p o pu la tion  
which i s  e n r ich ed  c o n ta in s  m ature and immunologically competent 
lymphocytes (T-2 c e l l s )  (Blomgren and Anderson, 1969; 1971). I t  
was decided to  in v e s t ig a t e  whether h y d ro co rt iso n e  a c e ta t e  t re a tm e n t 
o f  donor r a b b i t s  had any e f f e c t  on th e  e la b o ra t io n  o f  s o lu b le  sup­
p re s s iv e  e x t r a c t s .  Normal, unimmunized r a b b i t s  were in je c te d  ip  with
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Figure  13. Anti-DNP prim ary an tib o d y  response  f o r  r a b b i t s  
immunized w ith  10 mg DNP-OVA (optim al dosage) 
f o r  3 c o n secu tiv e  days, and e i t h e r  i n j e c t e d
w ith  s a l i n e  a lo n e  as  c o n tro l  (A----------- A), o r
thymus e x t r a c t  from thymus o f  OVA-primed donor
{•----------- 1 ) ,  o r  thymus e x t r a c t  from thymus o f
normal r a b b i t  donor (0-------------0 ) ,  o r  thymus
e x t r a c t  from thymus o f  h y d ro co r t iso n e  a c e t a t e -
t r e a t e d  r a b b i t  donor (&------------ A)* All thymus
e x t r a c t s  were in je c te d  one hour b e fo re  th e  
f i r s t  a n t ig e n  in j e c t i o n  and w ith  th e  same ro u te  
o f  a n t ig e n  in j e c t i o n  i . e .  iv .  Each curve 
r e p re s e n ts  th e  mean a g g lu t in a t io n  t i t e r  f o r  
3-5 anim als a t  each day o f  b le e d in g .
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a 250 mg o f  h y d ro c o rt iso n e  a c e t a t e  suspended 1 n sa l in e .  The anim als 
were k i l l e d  48 hours l a t e r  and so lu b le  e x t r a c t s  were p repared  from 
th e  c o r t i s o n e - r e s i s t a n t  c e l l s  and in j e c te d  in to  r e c ip i e n t s  t h a t  were 
subsequen tly  immunized w ith  10 mg o f  DNP-OVA on th e  same day (3 con­
s e c u t iv e  d ay s ) .  Another approach used was to  thymectomize r a b b i t s  
and 4 weeks l a t e r ,  sp lee n  e x t r a c t s  were p repared  from th e se  anim als 
and i n j e c t e d  in to  r e c ip i e n t s  a s  d iscu ssed  above. This approach was 
prompted by th e  o b se rv a t io n s  in  th e  p rev ious  experim ents  t h a t  thy -  
mectomized r a b b i t s  a f t e r  30 days develop enhanced prim ary anti-DNP 
response and e x h i b i t  an absence o f  a n t ig e n ic  co m p e ti t io n .  The r e s u l t  
o f  th e se  experim ents  a r e  shown in  F igure  14.
The su p p re s s iv e  a c t i v i t y  was a b se n t  in  thymus e x t r a c t s  
from h y d ro c o r t iso n e  t r e a t e d  donors and in  sp leen  e x t r a c t s  from th y -  
mectomized r a b b i t .  The anti-DNP response  in  th e  r e c ip i e n t s  was not 
s i g n i f i c a n t l y  d im in ished  when compared to  c o n tro l  re sp o n ses .
Next we a ttem pted  to  remove th e  su p p ress iv e  a c t i v i t y  in  the  
s o lu b le  e x t r a c t s  by adsorb ing  th e  e x t r a c t  on v a r io u s  immunoadsorbents 
prepared  on Sepharose 4B beads coupled to  th e  p ro te in  c a r r i e r  OVA, 
o r  ATGG o r  NHGG o r  4B beads a lone  to  s e rv e  as  a c o n t r o l .  The 
su p p re ss iv e  a c t i v i t y  in  e x t r a c t s  a f t e r  a b so rp t io n  was t e s t e d  by 
i n j e c t i n g  th e  e f f l u e n t s  in to  r e c i p i e n t s ,  w ith  care  being taken  to  
c o r r e c t  f o r  d i l u t i o n  e f f e c t s .  The r e s u l t s  a r e  shown in  F igure 14.
The su p p re s s iv e  a c t i v i t y  was n o t  absorbed o u t  by th e  p r o te in  c a r r i e r  
OVA o r  by NHGG o r  by Sepharose 48 a lo n e .  Thus, i t  appeared t h a t  th e  
s u p p re s s iv e  a c t i v i t y  in  th e  thymus e x t r a c t  d id  no t have an a f f i n i t y
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Figure  14. Anti-DNP prim ary an tib o d y  resp o n se  fo r  r a b b i t s  
imnunized w ith  10 mg DNP-OVA f o r  3 co n secu tiv e  
days and re c e iv e d  thymus e x t r a c t s  from thymus o f  
normal r a b b i t  donors o r  sp lee n  e x t r a c t s  from 
sp lee n  o f  r a b b i t s  thymectomized 30 days b e fo re
( • -----------• ) .  The thymus e x t r a c t  i n j e c t e d  in to
th e  r e c i p i e n t s  were e i t h e r  absorbed w ith  0VA-4B
(0-----------0 ) ,  NHIG-4B (A------------- £ ) ,  o r  AT6G-4B
(A-----------4 ) .  All e x t r a c t s  were in je c te d  one
hour b e fo re  th e  f i r s t  a n t ig e n  in j e c t i o n  and 
both a n t ig e n  and e x t r a c t s  were i n je c te d  iv .
Each curve  r e p re s e n ts  th e  mean a g g lu t in a t io n  
t i t e r  f o r  4 anim als a t  each day o f  b leed in g .
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f o r  th e  c a r r i e r  (n o t  c a r r i e r - s p e c i f i c ) , no r  f o r  horse  Immuno­
g lo b u l in s ,  o r  f o r  Sepharose 46. On th e  o th e r  hand, th e  su p p ress iv e  
a c t i v i t y  was absorbed o u t  by th e  ATGG-sepharose 4B immunoabsorbent 
s in c e  th e r e  was n o t su p p ress iv e  a c t i v i t y  1n th e  e lu e n ts  which when 
In je c te d  In to  r e c i p i e n t s  showed normal anti-DNP resp o n ses .
In o rd e r  to  s tu d y  f u r t h e r  th e  su p p ress iv e  a c t i v i t y ,  th e  
immunoadsorbents were r e a c te d  w ith  thymus e x t r a c t s  and incubated  
a t  4° C f o r  4 hours . A f te r  th e  In cu b a tio n  p e r io d ,  th e  n o n -sp e c if1 c ly  
bound m a te r ia l s  were washed away with 0.01 M PBS, pH 7 .6 .  Next the  
s p e c i f i c l y  bound m a te r ia ls  were e lu te d  w ith  3 M NaSCN in PSB. The 
e lu te d  m a te r ia l s  were c o l l e c te d  and d la ly z e d  e x te n s iv e ly  w ith  two 
changes o f  PBS and two changes w ith  d i s t i l l e d ,  d e io n ized  w a te r  and 
then  ly o p h i l l z e d .  The ly o p h i l iz e d  m a te r ia ls  were resuspended in  1 ml 
o f  s a l i n e  and 0 .5  ml o f  t h i s  m a te r ia l  was b o i le d  in  d i s s o c ia t io n  buffer 
a t  100° C f o r  two m inutes and then cooled in  th e  r e f r i g e r a t o r  a t  4° C. 
The e lu e n ts  were then  run in  SDS-PAGE. The s ta in e d  p a t t e r n  o f  one o f  
th e se  experim ents a r e  shown 1n F igure  15 . The HATGG-eluted f r a c t io n  
showed a d i s t i n c t  band w ith  m o lecu la r  w eight which corresponds to  
approx im ate ly  12,000 d a l to n s .  This f in d in g  i s  in  agreement w ith  
Navran and Archer (1978). F u r th e r  experim ents a r e  needed to  c h a r a c t ­
e r i z e  t h i s  band as  to  chemical com p o sit io n (s)  and b io lo g ic a l  fu n c t io n .
The i n t e r p r e t a t i o n  o f  th e  r e s u l t s  from th e  s o lu b le  sup­
p re s s o r  f a c t o r  s tu d ie s  argues  f o r  th e  e x is te n c e  o f  n o n -an tig en -  
s p e c i f i c  su p p resso r  T c e l l s  t h a t  r e g u la te  th e  prim ary immune re sp o n se .  
Whether t h i s  su p p res so r  f a c t o r  o p e ra ted  a t  t h e  lev e l  o f  in d u c t io n  o f
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F ig u re  15. SDS^ -PAGE p a t te r n  o f thymus e x t r a c t  e lu te d  
w ith  3 M NaSCN. L ines 1 and 2 a re  thymus 
e x t r a c t s  absorbed  w ith  Sepharose 4B alone  
o r  NHIg-Sepharose 4B r e s p e c t iv e ly .  L ines 
3-6 a re  thymus e x t r a c t  absorbed w ith  ATGG- 
Sepharose 4B. The s p e c i f ic  band on l in e s  
3-6 co rresponds to  a  m o lecu la r w eigh t o f 
approx im ate ly  12,000,

88
h e lp e r  T c e l l s  o r  su p p ress in g  B c e l l  d i f f e r e n t i a t i o n  a n d /o r  fu n c t io n  
d i r e c t l y  1s n o t known y e t .  Never th e  l e s s ,  I t  1s c l e a r  t h a t  ATGG 
can remove th e  su p p re s s iv e  a c t i v i t y  t h i s  f a c t o r ( s ) .  The experim ents 
1,n p ro g ress  Inc lude  th e  I n je c t io n  o f  e lu a n ts  from 3 M NaSCN In to  
r e c e lp l e n t s  to  r e s t o r e  th e  su p p re s s iv e  e f f e c t  and th e  c h a r a c t e r i z a t io n  
o f  th e  e lu a n t s .
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